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HARPOON  EXPENDABLE  TURBOJET 
MODEL  XJ401-GA-400 
PHASE  II  FINAL  TEST  REPORT 
AND  FINAL  REPORT 


1 . 0  INTRODUCTION 

This  report  is  submitted  by  the  AiResearch  Manufacturing  Company 
of  Arizona,  a  division  of  The  Garrett  Corporation,  in  compliance  with 
the  contractual  data  requirements  of  U.S.  Navy  Naval  Air  Systems 
Command  (NASC)  Contract  N00019-71-C-0358 .  This  report  documents 
Phase  II  of  the  development  of  a  turbojet  propulsion  system  for  the 
Harpoon  missile  and  covers  the  period  from  30  June  1971  through  13 
April  1973.  The  engine  is  designated  as  the  Model  XJ401-GA-400 
Expendable  Turbojet. 

The  objectives  of  the  Phase  II  development  program  were: 

o  Design,  fabrication  and  development  of  engines  suitable 
for  wind  tunnel  and  flight  testing. 

.o  Delivery  of  above  engines  to  the  Weapons  System 
Contractor. 

o  Technical  liaison  with  the  Weapons  System  Contractor, 
including  systems  test  support. 

Initial  flight  rating  tests  (IFRT)  verifying  the  performance 
requirements  defined  in  AiResearch  Model  Specification  SC-8029-A, 
dated  30  November  1972  have  been  completed.  Final  IFRT  test  results 
are  presented  in  5.0. 
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2 . 0  SUMMARY 


Phase  II  of  the  development  program  for  the  Harpoon  propulsion 
system  was  started  on  30  June  1971.  Work  on  this  phase  of  the  program 
was  initiated  by  a  letter  modification  to  the  U.S.  Navy,  Naval  Air 
Systems  Command  (NASC) ,  Contract  N00019-71-C-0358 ,  C/N  0888-71.  Major 
goals  to  be  completed  during  this  phase  of  the  development  program, 
as  defined  in  the  program  plan  published  in  August  1971,  were: 

o  Flight  Engine  Design  Release 

« 

o  Contractor's  Development  Tests 

o  Initial  Flight  Rating  Tests 

o  Wind-Tunnel  Engine  Design  Release 

o  Technical  Liaison 

o  Delivery  of  Mockups,  Wind  Tunnel,  and  Flight 

Test  Engines 

A  chronological  review  of  significant  development  achievements 
includes  the  following: 

o  July  1971  -  Installation  interfaces  established. 

o  August  1971  -  Engine  cycle  computer  programs  were 

finalized.  Prototype  engine  cross  section  installation 
and  casting  drawings  were  completed. 
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o  September  1971  -  Final  drawings  of  turbine,  compressor, 
seals ,  and  bearings  test  rigs  were  completed  and  rig 
fabrication  started. 

o  October  1971  -  Evaluations  of  engine  component  and 
accessory  designs  completed.  Rig  testing  commenced 
and  the  first  mockup  was  submitted  for  review. 

o  November  1971  -  Stress  analyses  of  major  structural 

elements  was  completed.  Rotor  dynamics  were  established. 
Thermal  analyses  were  started  and  several  development 
rig  tests  were  completed.  A  second  mockup  was  coordinated 
and  delivered  to  the  airframe  manufacturer. 

o  December  1971  -  Flight  engine  design  was  completed. 

The  first  scheduled  run  of  the  engine  was  concluded 
satisfactorily. 

o  January  1972  -  The  engine  demonstrated  thrust  and  TSFC 
meeting  analytical  model  requirements.  Successful 
compliance  with  model-specification  requirements  for 
circumferential  distortion  was  demonstrated. 

o  February  1972  -  Electrical  system  endurance  tests 

completed  satisfactorily.  Development  tests  of  acces¬ 
sories  and  components  in  engines  and  rigs  evaluated. 

o  March  1972  -  Completed  acceptance  testing  of  wind- 
tunnel  engines.  Started  assembly  of  IFRT  engines. 

o  April  1972  -  Wind-tunnel  testing  commenced.  The  IFRT 
vibration  survey  was  conducted. 
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May  1972  -  Three  series  of  tests  were  concluded  with 
engines  installed  in  the  McDonnel-Douglas  ETB  Harpoon 
MiR3ile  in  the  8x6  wind  tunnel  facility  of  the  NASA- 
Lewis  Research  Center,  Cleveland,  Ohio. 

Three  IFRT  tests  were  also  completed.  They  were  the  0.6 
simulated  Mach  number  altitude  start,  high  temperature 
start  and  inlet  air  pressure  variation. 

o  June  1972  -  Five  more  IFRT  tests  were  completed.  The 
tests  consisted  of  an  altitude  start  (0.38  Mach  number) 
and  sea  level  endurance,  two  sea  level  endurance  tests, 
high-temperature  start  and  sea  level  endurance,  altitude 
start  (0.6  Mach  number)  and  sea  level  endurance. 

Captive  flight  tests  of  the  engine  installed  in  the 
Harpoon  missile  were  conducted  at  altitude  on  the  P-3A 
aircraft  at  the  Naval  Missile  Center,  Point  Mugu, 
California. 

o  July  1972  -  Development  and  investigatory  tests  were 
conducted  on  bearings,  the  fuel  control  and  starting 
system. 

o  August  1972  -  Development  and  investigatory  tests 
continued.  Special  emphasis  placed  on  dynamics 
of  rotating  components,  shaft  assembly  and  seals. 

o  September  1972  -  Based  on  intensive  development  test 

experience,  several  design  refinements  were  incorporated. 
Tests  conducted  to  verify  these  refinements  included  six 
successive  30  minute  engine  endurance  runs  at  design  con¬ 
ditions.  IFRT  requirements  for  completion  provided  by 
NASC. 
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o  October  1972  -  Development  tests  with  new  configuration 
hardware  continued.  Engine  tests  were  conducted  to 
confirm  the  ability  of  the  engine  to  make  consistent 
successful  starts  at  IFRT  test  conditions.  Fuel  control 
development  tests  were  expanded  to  include  test  demon¬ 
strations  with  an  electronic  control  unit. 

o  November  1972  -  The  excellent  test  results  achieved 
with  the  electronic  control  led  to  its  adoption  in 
lieu  of  the  fluidic  control.  Design  modifications 
were  completed  for  incorporating  the  electronic  con¬ 
trol  into  the  final  engine  configuration.  SC-8029 -A 
engine  specification  issued. 

o  February  1973  -  Preliminary  IFRT  tests  completed. 

o  March  1973  -  The  diffuser- combustion  system  was 
developed  to  improve  the  combustor  temperature 
spread  factor  (TSF) ,  and  a  "green  run"  was  conducted 
to  determine  the  TSF  prior  to  the  acceptance  test. 

o  April  1973  -  IFRT  tests  completed 
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3 . 0  ENGINE  DEVELOPMENT 


The  engine  configuration  at  the  start  of  the  Phase  II  development 
program  is  reviewed  below.  The  initial  phase  of  the  engine  design  and 
development  program  was  reported  in  AiResearch  Final  Report  PE-8259-R. 
Improvements  incorporated  in  the  engine  during  Phase  II  are  discussed 
in  3.2. 


3.1  Engine  Design  at  Start  of  Phase  II 

The  Model  XJ401-GA-400  Engine  designed  for  the  Harpoon  missile 
propulsion  engine  program  consisted  of  a  single  spool  turbojet  having 
a  four-stage  axial  compressor  and  a  single-stage  axial  turbine  sup¬ 
ported  by  a  pair  of  angular- contact  ball  bearings.  Compressor  dis¬ 
charge  air  is  directed  through  a  diffuser  section  in  the  midframe  to 
an  inline  annular  combustor  having  air-blast-type  (vaporizer)  fuel  noz¬ 
zles.  Airflow  is  exhausted  through  a  simple  conversion  nozzle  selected 
on  the  basis  of  superior  installed  performance  throughout  the  pre¬ 
scribed  missioi.  The  compressor  rotors  were  scaled  by  a  factor  of 
0.6144  from  the  AiResearch  Model  GTCP660-4  Auxiliary  Power  Unit  (APU) 
compressor  rotor.  The  steel  rotor3  were  machined  separately  and  pin¬ 
ned  together  to  form  the  compressor  assembly.  Each  rotor  was  fabri¬ 
cated  on  a  Pantagraph-type  milling  machine.  Altering  of  the  tracing 
linkage  on  this  machine  permitted  immediate  scaling  of  the  APU  compres¬ 
sor  to  the  size  required  for  the  Harpoon  engine.  The  compressor 
stators  were  designed  to  utilize  existing  production  strip-stock  tack- 
welded  and  sealed  into  separate  bolted  half-ring  assemblies  for  each 
of  the  first  three  stages.  The  fourth-stage  stator  and  annular  diffuser 
were  designed  to  form  a  part  of  the  midsection  structural  housing. 

The  midframe  structure  design  specified  a  cast  assembly  and  included 
a  flange  to  be  used  for  mounting  the  engine. 

A  straight-through-flow  annular  combustion  system  was  selected 
in  order  to  maintain  minimum  diameter  and  achieve  compatibility  with 


the  axial  compressor.  Burner  geometry  was  set  by  volume  considerations 
for  altitude  starting  and  pattern  factor.  An  air-blast  fuel-injection 
system  with  J-pipe  injector  elements  provided  a  simple  low-pressure 
fuel  system  with  minimum  parts  and  complexity. 

The  single-stage  axial  turbine  configuration  was  selected  because 
its  performance  is  adequate  and  because  engine  cost  and  length  were 
considerations.  The  aerodynamic  design  of  the  single-stage 
XJ401-GA-400  turbine  was  made  to  satisfy  performance  requirements, 
envelope  restriction,  and  the  low-cost  manufacturing  concept. 

The  initial  rotating  assembly  consisted  of  an  integral  turbine 
wheel  and  shaft,  alternator  rotor,  fuel  pump  drive  gear,  spacers,  oil 
slingers,  and  compressor  rotor.  The  compressor  rotor  consisted  of 
four  machined  stages  pinned  together  and  a  machined  aluminum  spinner. 
The  group  was  supported  by  two  40-mm  angular-contact  ball  bearings 
lubricated  by  a  wick  oil-r.ist  system.  Control  of  the  thrust  load  on 
the  turbine  bearing  was  initially  provided  by  a  Belleville  spring 
washer.  The  compressor  bearing  thrust  was  limited  by  a  secondary  flow 
system  regulated  by  labyrinth  and  piston-ring  seals. 

The  bearing  and  lubrication  system  is  based  on  the  wick-mist 
method.  The  engine  was  designed  to  use  DuPont  Krytox  14  3AC  oil  in 
its  lubrication  system.  The  bearings  were  lubricated  by  a  wick- 
reservoir  system  capable  of  providing  adequate  lubrication  over  the 
specified  temperature  and  altitude  range.  The  reservoirs  were  designed 
to  be  filled  during  assembly  eliminating  future  engine  service  require¬ 
ments.  The  wicks  were  made  of  glass  wool  and  carried  bearing  lubri¬ 
cating  oil  from  a  batten-filled  sump  to  contacting  surfaces  on  slingers 
at  each  end  of  the  shaft  adjacent  to  the  bearings.  The  wicks  rubbed 
on  the  conical  surface  of  the  slingers  which  produced  a  pumping  action 
and  directed  the  oil  flow  as  a  mist  with  the  bearing  cooling  air  to 
the  bearing  face.  Cooling  airflow  and  the  oil  mist  were  designed  to 
be  exhausted  through  strut  cavities  to  atmosphere. 
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Starting  and  ignition  energies  are  supplied  by  a  cartridge 
starter  located  within  the  exhaust  nozzle  and  a  pvroflare  igniter 
that  fired  into  the  combustor. 

The  pyroflare  igniter  was  selected  for  simplicity  and  reliability. 
An  electrical  signal  to  redundant  bridgewire  circuits  initiates  an 
intense,  high-density  flame  from  the  62  percent  magnesium  flare  mater¬ 
ial  . 


A  fluidic  fuel  control  was  initially  selected  for  the  engine 
because  of  its  potential  ability  to  withstand  high  environmental 
temperatures  that  would  occur  at  its  mounting  location.  The  simpli¬ 
city  of  the  fluidic  control  offered  a  potential  for  high  reliability, 
low  cost,  and  the  necessary  control  functions  throughout  the  engine 
operating  envelope.  The  fuel  control  was  comprised  of  three  basic 
elements — fuel  pump,  fuel  metering  unit,  and  fluidic  computer.  The 
fuel  pump  design  specified  a  floating-vane-type  pump  rotating  at 
92  percent  of  main  shaft  speed.  The  fuel  flow  to  the  combustor  was 
regulated  by  the  fuel  metering  unit,  which  consisted  of  a  constant 
differential  pressure  (AP)  valve  and  a  metering  valve.  The  AP  valve 
was  designed  to  maintain  a  constant  fuel  pressure  across  the  metering 
valve  spool,  thus  permitting  the  control  Of  fuel  flow  through  the 
positioning  of  the  spool  by  command  and  feedback  differential  pres¬ 
sures  generated  by  the  fluidic  computer.  The  fluidic  computer  sched¬ 
uled  fuel  flow  based  on  engine  speed  and  compressor  discharge  pressure. 
The  engine  speed  signal  was  produced  by  a  chopper  driven  off  the  main 
shaft.  The  chopper  was  placed  on  the  pump  drive  shaft.  The  pressure 
signal  and  computer  power  were  obtained  from  a  pressure  tap. 

A  Rice- type  alternator  was  chosen  to  provide  electrical  power  to 
the  missile.  The  Rice-type  alternator  is  a  brushless,  nonrotating- 
coil  synchronous  machine.  The  design  adopted  for  the  Harpoon  engine 
produces  3-phase  power.  The  alternator  rotor  was  designed  to  be 
mounted  directly  on  the  engine  shaft ,  thus  fixing  the  rotor  speed  at 
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shaft  speed  eliminating  the  requirement  for  separate  bearings ,  seals, 
and  lubrication.  The  stator  was  designed  as  a  conventional  3-phase 
winding.  The  field  excitation  coils  were  stationary,  and  the  flux 
was  carried  to  the  rotor  through  two  auxiliary  air  gaps  at  each  end 
of  the  rotor.  The  stator  and  field  coils  were  cooled  by  a  portion  of 
the  secondary  flow. 

A  power  conditioning  unit  was  developed  during  Phase  II.  It 
provides  for  3.8  kw  of  dc  power  from  a  3-phase  alternator  regulated 
to  29.7  +0.3  vdc.  In  addition,  the  PCU  provides  a  ready  signal  at 
a  nominal  engine  speed  of  83  percent. 

3.2  Phase  II  Final  Design 

Besides  the  normal  development  activity,  refinements  were  incor¬ 
porated  during  the  Phase  II  program.  An  inlet  device  was  added;  shaft 
stiffening  was  employed  to  improve  shaft  dynamics;  a  new  control  system 
was  developed;  cartridge  starter  was  modified;  the  lubricant  was 
changed  for  cold  starting;  and  the  diffuser-combustor  system  was 
improved.  A  cross-section  view  of  the  final  Model  XJ401-GA-400  engine 
developed  in  Phase  II  is  shown  in  Figure  1.  A  photograph  of  a  dis¬ 
assembled  engine  prior  to  final  design  is  shown  in  Figure  2.  Discus¬ 
sions  of  final  designs  of  the  engine  are  presented  in  the  following 
paragraphs. 

3.2.1  Inlet 


The  stationary  inlet  nose  cone  shown  in  Figure  3  was  developed 
during  Phase  II  to  provide  improved  airflow  to  the  compressor  when 
operating  in  the  MDAC  missile  with  the  distortion  produced  by  the 
missile  inlet.  Cooling  air  for  the  bearings  and  alternator  enters 
the  engine  through  the  nose  cone  opening  and  flows  through  metering 
orifices  in  the  main  shaft.  The  temperature  sensor  visible  at  the 
top  of  Figure  3  has  been  incorporated  in  the  nose  cone  to  provide  a 
compressor  inlet  temperature  {T2 )  signal  to  the  electronic  control 
governor  circuit. 
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Figure  2.  Model  XJ401-GA-400  Engine  Components 
Prior  to  Final  Design. 


3.2.2  Compressor 

The  four-stage  axial  compressor  rotor  is  cast  from  17-4  PH 
stainless  steel  with  integral  blades  and  support  structure.  Each 
stage  was  piloted  and  pinned  to  the  succeeding  stage  early  in  the 
Phase  II  development  program.  Later,  testing  in  IFRT  led  to  E-Beam 
welding  of  all  four  stages.  An  abradable  material  was  added  to  the 
surfaces  between  the  compressor  stages  and  between  the  stator  stages. 
The  need  for  abradable  material  was  disclosed  in  early  Phase  II 
development  tests.  The  material  was  added  to  protect  the  hardware 
and  improve  clearances .  A  groove  was  added  in  the  hub  section  to 
accomodate  a  second  piston  ring  seal  to  minimize  air  leakage.  An 
assembled  rotor  consisting  of  four  cast  stages  with  an  integrally  cast 
inlet  spinner  is  shown  in  Figure  4. 
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Figure  3.  Stationary  Inlet  Nose  Cone  with  I2  Sensor. 
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Figure  4.  Cast  Compressor  Rotor. 


13 


The  housing  for  the  first  three  stator  stages  was  machined  from 
low  carbon  steel  tubing  and  divided  into  halves.  Stator  vanes  made 
from  17-4  PH  material  were  welded  into  holes  milled  by  electrical 
discharge  machining  in  the  housing  and  sealed  in  place.  The  compres¬ 
sor  housing  is  held  together  with  band  clamps.  V-type  band  clamps 
attach  the  housing  to  the  mid- frame  assembly.  A  view  of  the  the 
first-three  stator  stages  of  the  compressor  housing  is  presented  in 
Figure  5.  The  fourth-stage  stator  is  cast  as  a  single  piece  and 
bonded  and  pinned  into  the  midframe  assembly. 

3.2.3  Mid frame 

The  midframe  in  Figures  6  and  7  was  the  configuration  prior  to 
the  improvements  incorporating  trip  tubes  and  poles  in  the  diffuser. 

The  flange  shown  at  the  top  of  the  nidframe  in  Figure  6  holds  the 
ignition  pyroflare.  The  midframe  was  sand  cast  as  a  single  unit  of 
ductile  iron.  Provisions  for  relubrication  were  incorporated  during 
Phase  II  by  the  addition  of  a  1/16  inch  tube  routed  through  the  midframe 
to  the  rear  bearing.  The  tube  can  be  seen  on  the  left  side  of  the 
midframe  in  Figure  6.  The  midframe  was  originally  designed  to  house 
a  fluidic  fuel  control.  Modifications  required  to  accomodate  the 
electronic  fuel  control  were  minor.  The  fuel  manifold  consisting  of 
12  nozzles  brazed  into  a  fuel  distribution  tube  is  press  fitted  and 
potted  into  the  midframe  assembly.  The  manifold  is  visible  in  Figure 
7,  and  the  improved  midframe  is  shown  in  Figure  54. 

3.2.4  Combustor 

The  original  combustor  design  is  shown  in  Figure  8  and  the  im¬ 
proved  combustor  is  shown  in  Figure  52.  The  holes  adjacent  to  the 
swirlers  are  the  holes  into  which  the  fuel  feed  tubes  are  inserted 
during  engine  assembly.  Cooling  and  dilution  holes  were  punched  in 
the  sheet  metal  prior  to  forming.  The  "J"  tubes  and  air  swirlers  are 
welded  into  place  and  the  assembly  is  then  welded  to  the  turbine 
inlet  nozzle.  The  pressure  tap  for  Pc(j  was  relocated  from  the  midframe 
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to  the  combustor  plenum  to  provide  steady  pressure  supply  air  to  the 
control  unit. 

3.2.5  Turbine 

The  turbine  wheel  is  cast  with  integral  blades  from  IN-100. 

The  choice  of  IN-100  material  was  based  on  engine  life  requirements. 
The  wheel  is  E-Beam  welded  to  the  engine  shaft,  which  is  machined 
from  CRES  21-6-9  material  to  form  an  integral  unit. 

The  turbine  stator  vanes  and  turbine  shroud  were  cast  from  HS-21 
and  welded  to  the  combustor.  The  stator  vanes  are  shown  in  Figure  9. 
The  turbine  wheel  and  shaft  assembly  (before  cooling  improvements) 
are  shown  in  Figure  10 ,  and  the  turbine  shaft  for  improved  bearing 
cooling  is  shown  in  Figure  49. 

3.2.6  Rotating  System 

Following  the  June  IFRT  program,  during  which  bearing  problems 
were  encountered,  an  engine  was  instrumented  so  that  the  motion  of 
the  rotating  assembly  could  be  recorded.  The  results  (bearing  loads 
and  rotor  excursions)  showed  that  the  third  critical  speed  of  the 
rotating  assembly  was  too  close  to  the  operating  speed  of  the  engine. 
In  some  cases  this  resulted  in  radial  unbalance  loads  that  exceeded 
the  design  capability  of  the  bearings. 

To  correct  this  problem,  design  changes  were  made  to  stiffen  the 
rotating  assembly,  thereby  increasing  the  third  criitcal  speed.  The 
four-piece  gear  and  spacer  assembly  that  drives  the  fuel  pump  and 
provides  shaft  stiffness  was  consolidated  into  one  piece  as  shown  in 
Figure  11.  The  outside  diameter  of  this  assembly  was  increased  con¬ 
tributing  to  shaft  stiffness.  The  change  to  a  one-piece  assembly 
reduced  the  normality  errors,  providing  an  improved  runout  of  the 
rotating  assembly.  The  alternator  rotor  was  changed  from  a  three- 
piece  assembly  to  a  single  piece  for  the  same  reasons.  The  one-piece 
rotor  and  single  piece  gear  (before  cooling  improvement  to  thrust 
bearing)  are  shown  assembled  to  the  rotating  group  in  Figure  12.  The 
larger  cooling  holes  in  the  shaft  are  shown  in  Figure  49  • 
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Figure  9.  Combustor  and  Turbine  Nozzle  Assembly  (Aft  View) 
The  Improved  Combustor  is  Shown  in  Figure  52. 
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Figure  11. 


One  Piece  Fuel  Pimp  Drive  Gear; 
Replaces  Three  Spacers  and  Gear. 
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Figure  12.  Final  Configuration  of  Rotating  Assembly  Showing 
One  Piece  Gear  and  One  Piece  Alternator  Rotor. 

(See  Figure  52  for  Larger  Cooling  Holes  in  the  Shaft) 


Other  improvements  related  to  shaft  dynamics  included  increasing 
the  turbine  shaft  diameter  to  provide  tighter  radial  fits  at  both 
bearings  and  other  members  of  the  rotating  group. 

3.2.7  Bearings ,  Seals  and  Lubrication 

Based  upon  rig  test  results ,  4 0-mm-bo re -diameter  bearings  were 
selected  for  use  on  the  Phase  II  engine.  The  use  of  the  larger-size 
bearings  simplified  the  design  of  the  engine  shaft  reducing  fabrica¬ 
tion  costs.  Split-inner-ring  single  row  ball  bearings  were  selected 
initially  because  they  were  less  sensitive  to  temperature  extremes. 
However,  because  of  large  radial  tolerances  they  permitted  excessive 
unbalanced  movement  of  the  rotating  assembly  which  in  turn  contributes 
to  bearing  failures. 

As  a  result  of  problems  encountered  during  engine  development 
and  rig  tests,  several  changes  were  introduced  in  the  design  of  the 
bearing  system.  Initial  problems  led  to  enlargement  of  the  metering 
orifices  in  the  shaft  to  provide  better  airflow  across  the  bearings. 

In  addition,  an  extra  set  of  holes  were  added  to  cool  the  aft-end  of 
the  alternator  rotor  and  the  turbine  bearing.  During  the  June  IFRT , 
premature  bearing  failures  were  encountered.  Examination  of  the  failed 
bearings  showed  the  cause  to  be  excessive  radial  loads.  Further  in¬ 
vestigations  were  made  to  determine  the  nature  of  the  excessive  radial 
loads.  An  engine  was  instrumented  so  that  the  radial  bearing  loads 
could  be  measured.  Probes  were  incorporated  to  permit  the  motion  of 
the  rotating  assembly  to  be  recorded.  The  results  (bearing  loads  and 
rotor  excursions)  showed  that  the  third  critical  speed  of  the  rotating 
assembly  was  too  close  to  the  operating  speed  of  the  engine.  In  some 
cases  this  resulted  in  radial  unbalance  loads  in  excess  of  the  design 
capability  of  the  ball  bearing.  Several  alternatives  to  the  original 
design  were  studied  and  tested  to  eliminate  the  third  critical  speed 
problem.  Various  combinations  of  ball  bearings,  roller  bearings, 
hydraulically  mounted  bearings,  one  piece  gear  shafts,  and  different 


24 


alternator  rotor  configurations  were  tested.  The  majority  of  these 
tests  were  conducted  on  a  dynamics  rig  capable  of  driving  the  complete 
Harpoon  engine  to  40,000  rpm.  The  results  of  these  tests  are  presented 
in  Table  I.  The  configuration  used  in  Engine  S/N  3302,  Build  2,  was 
selected  for  the  final  engine  design.  Additionally,  five  30-minute 
endurance  runs  were  conducted  with  engines  having  roller-ball  bearing 
configurations.  Consequently  the  roller  bearing  shown  in  Figure  13 
was  substituted  for  the  compressor  ball  bearing  used  in  earlier 
Phase  II  engine  configurations. 

The  roller  bearing  was  selected  from  the  AiResearch  TSE231  Engine 
design.  Every  other  roller  was  removed  to  allow  for  proper  cooling 
airflow  across  the  bearings.  The  roller-ball  bearing  configuration 
has  performed  very  well  since  it  was  adopted. 

The  piston  ring  geometry  has  been  altered  from  that  of  the 
earlier  engine.  The  seals  were  modified  in  order  to  minimize  housing 
bore  wear  during  startup  with  the  cartridge  starter.  The  changes  in¬ 
clude  larger  diametral  interference,  extension  of  width  dimension, 
increased  wall  thickness,  and  the  introduction  of  carbon  as  a  substi¬ 
tute  for  the  steel  rings  selected  initially.  The  new  rings  are  shown 
in  Figure  14. 

Lubrication  was  provided  by  a  wick  system  using  DuPont  Krytox  143AC 
as  the  lubricant.  The  wick  system  consists  of  fiber-glass  wicks  that 
carry  the  lubricant  from  a  fiber-glass  batting-packed  sump  to  a 
conical-shaped  slinger  by  capillary  action.  Due  to  centrifugal  forces 
caused  by  shaft  rotation,  and  airflow  across  the  wick, the  lubricant 
is  pumped  up  the  slinger  and  through  the  bearing.  One  wick  system  is 
used  for  each  bearing.  The  change  to  a  roller  bearing-ball  bearing 
configuration  necessitated  a  change  to  the  slinger  length.  The  new 
slingers  are  shown  in  Figure  15.  Further  changes  were  incorporated  as 
described  in  Section  4.7  due  to  low  temperature  difficulties. 
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TABLE  I.  SUMMARY  OF  BACK-TO-BACK  RIG  TEST  RESULTS. 


Engine 

Configuration 

Shaft  Excursion 
at  36,000 
rpm,  mils 

Test 

No. 

Serial 

No. 

Build 

1 

3302 

1 

Ball-ball  brgs.  Std. 
alternator  one-piece 
gear  shaft  (thin) 

16 

2 

3302 

1A 

Ball-ball  brgs.  Dummy 
alternator,  thin  one- 
piece  gear  shaft 

4 

3 

3305 

1 

Ball-ball  brgs.  Comp, 
brg.  hyd.  mount  one- 
piece  gear  shaft  (thin 

6 

4 

3304 

2 

Roller-ball  brgs.  Std. 
alternator.  One-piece 
gearshaft  (thin) 

4 

5 

3305 

2 

Roller-ball  brgs.  Hyd. 
mount  compr.  brg. 

Dummy  alternator.  One- 
piece  gear  shaft  (thin) 

10 

6 

3302 

2 

Roller-ball  brgs.  One- 
piece  alt.  Thick  gear 
shaft  (constant) 

3 

7 

3302 

2A 

Roller-ball  brgs. 

Thick  sleeve  alt. 

Thick  gear  shaft  (con¬ 
stant  OD) 

4 

8 

3307 

1 

Roller-ball  brg.  One- 
piece  alt.  Externally 
fed  hyd.  mount  on  comp, 
brg. 

5 

9 

3302 

2B 

Roller-ball  brg.  Std. 
alt.,  thick  gear  shaft 
(constant  OD) . 

5 
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Roller  Bearing. 
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Figure  15.  Configuration  of  Bearing  Oil  Slingers. 

Final  Configurations  is  Shown  in  Figure  50. 
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3.2.8  Starting  and  Ignition 


Two  types  of  cartridge  starters,  geared  and  ungeared,  were 
developed  during  Phase  II.  The  geared  starter  is  comprised  of  a  small 
single  stage  axial  turbine,  a  planetary  gear  train,  a  drive  shaft,  a 
clutch,  and  a  solid  propellant  cartridge.  The  starter  cartridge  is 
ignited  by  an  electrical  initiator.  Cartridge  gases  impinge  on  the 
starter  turbine  which  is  geared  to  a  shaft  that  engages  the  engine 
rotor  through  the  clutch.  The  starter  mechanism  and  cartridge  are 
housed  within  the  engine  exhaust  cone. 

A  starter  modification  to  eliminate  the  planetary  gear  train  was 
also  developed  and  tested  during  Phase  II.  The  concept  offerred 
promising  returns  in  terms  of  cost  savings  and  weight  reduction.  How¬ 
ever,  because  of  difficulties  experienced  with  this  starter  at  high 
altitude  and  low  Mach  numbers  further  development  work  was  discontin¬ 
ued.  Both  starter  types  are  shown  in  Figure  16. 

A  zero  backlash  type  clutch  has  been  developed  in  Phase  II  to 
provide  more  positive  engagement  of  the  engine  and  starter.  The 
decoupler  is  pinned  together  as  an  assembly  to  ensure  zero  backlash 
and  provide  windmilling  capability,  and  is  inserted  into  the  engine 
with  a  spline.  It  decouples  with  reverse  torque  as  the  starter  slows 
down  and  the  engine  continues  to  rotate. 

The  turbine  wheel  is  accelerated  by  the  cartridge  gases  and  torque 
is  transmitted  throuah  the  jaws  of  the  decoupler  mechanism  to  accel¬ 
erate  the  engine  to  combustor  ignition  speed.  The  starter  assists 
engine  acceleration  until  the  cartridge  is  spent.  After  cartridge 
burnout,  positive  torque  is  no  longer  provided  by  the  starter  and  the 
aerodynamic  drag  of  the  starter  turbine  plus  bearing  friction  create 
sufficient  reverse  torque  to  cause  the  decoupler  jaws  to  shear  the 
pin  and  disengage,  thereby  decoupling  the  starter  from  the  engine. 

The  pin  is  strong  enough  to  withstand  the  reverse  torque  produced  by 
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Figure  16.  Geared  and  Ungeared  Starters. 


engine  rotation  during  a  Mach  0.9  inlet  ram  condition.  Figure  17 
shows  a  photograph  of  a  two-jaw  decoupler  and  engagement  shaft. 

Refinements  were  made  to  che  starting  system  to  provide  consistent 
altitude  cartridge  starts  at  cold  temperatures  and  low  Mach  numbers. 

An  improved  geared  starter  was  developed  in  Phase  II  that  produces 
higher  assist  speeds.  The  higher  assist  speeds  assure  successful 
altitude  starts. 

During  the  Phase  II  engine  development  program  pyroflares  made  by 
two  manufacturers  were  used.  The  pyroflares  were  made  by  Unidynamics 
Inc.  and  Holex  Inc.  Of  the  two,  pyroflares  manufactured  by  Unidynamics 
were  selected  because  they  exhibited  better  burning  characteristics 
for  longer  periods  than  the  Holex  cartridges.  Start  tests  conducted 
with  the  geared  starter  and  Unidynamics  pyroflares  have  consistently 
demonstrated  the  ability  of  the  engine  to  start  successfully. 

3.2.9  Fuel-Control 

During  the  engine  wind-tunnel  tests  and  the  June  IFRT ,  difficulties 
experienced  with  the  set  point  on  the  fuel  control  sometimes  caused  the 
engine  to  operate  erratically.  Subsequent  analyses  disclosed  several 
reason*  for  the  inconsistent  behavior  of  the  fluidic  control  system. 
Chief  among  these  was  the  high  ambient  temperature  at  the  fuel  control 
location  within  the  engine.  Thermal  transients  experienced  by  the 
maximum- ratio  and  governor  fluidic  circuits  caused  the  fuel  flow  and 
thrust  to  fluctuate.  Although  improved  temperature  compensation 
measures  were  employed,  satisfactory  governor  action  was  not  consist¬ 
ently  realized.  As  a  result,  the  electronic  backup  control  was  per¬ 
fected  and  incorporated  in  the  final  Phase  II  engine  configuration. 

The  electronic  control  system  provides  for  automatic  control  of 
the  engine  from  initiation  of  the  start  sequence  through  acceleration 
tc  maximum  speed  and  power,  throughout  the  engine  operating  envelope. 
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The  system  consists  of  an  electronic  computer,  a  fuel  metering  assembly, 
an  inlet- total  temperature  sensing  probe,  and  an  electrically  operated 
pressure  control  valve.  All  but  the  inlet  temperature  probe  are  shown 
in  Figure  18.  The  T£  probe  can  be  seen  on  Figure  3. 

The  fuel  metering  assembly  consists  of  a  constant  displacement 
fuel  pump,  a  head-regulating  valve,  and  a  fuel-metering  bellow  actuated 
valve.  A  portion  of  the  fuel  supplied  by  the  constant  displacement 
pump  is  bypassed  by  the  head-regulating  valve  back  to  the  pump  inlet, 
thus  maintaining  a  constant  differential  pressure  across  the  metering 
valve.  The  metering  valve  is  stroked  linearly  by  the  sum  of  the 
control  gauge  pressure,  P  ,  (bellows  chamber  pressure)  and  atmospheric 
pressure  acting  on  the  evacuated  bellows.  Fuel  flow  is  therefore  pro¬ 
portional  to  the  absolute  value  of  P  .  The  selection  of  the  pneumatic 
orifices  in  the  circuit  results  in  P  being  proportional  to  compressor 
discharge  pressure.  The  net  effect  of  this  arrangement  is  that  fuel 
flow  is  proportional  to  compressor  discharge  pressure.  Changing  the 
position  of  the  torque  motor  flapper  changes  the  value  of  Px  and 
results  in  a  change  in  fuel  flow,  permitting  modulation  of  fuel  flow 
to  the  engine.  The  torque  motor  flapper  is  controlled  by  a  signal  from 
the  electronic  computer  which  in  turn,  has  inputs  of  speed  and  total 
inlet  temperature.  The  governor  set  point  is  a  function  of  total  tem¬ 
perature  causing  operating  speed  to  decrease  with  decreasing  tempera¬ 
ture.  Engine  protection  is  provided  by  a  maximum  fuel  schedule. 

Another  cause  of  inconsistent  fuel  control  action  was  found  to 
be  fluctuations  in  compressor  discharge  pressure  (PC(j)  •  The  Pcd  probe 
in  the  June  IFRT  engine  configuration  was  a  total  pressure  probe 
located  just  aft  of  the  fourth  stage  stator.  The  probe  faced  into  the 
air  flowpath  and  contained  a  small  inline  filter.  Analysis  of  the 
pressure  signal  supplied  by  this  probe  indicated  that  it  was  sensitive 
to  small  fluctuations  in  total  pressure.  In  addition,  because  of  its 
small  size,  the  filter  was  easily  contaminated  by  trapped  particles 
encountered  during  normal  endurance  testing  and  in  turn  contributed  to 
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Figure  18.  Electromechanical  Fuel  Control  Showing  Fuel 
Metering  Section  at  Top,  Electronic  Computer 
at  Bottom  Right  and  an  Electrically  Operated 
Pressure  Control  Valve  at  Bottom  Left. 
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pressure  drops  in  the  signal  supplied  to  the  control.  In  order  to 
correct  these  problems ,  the  Pc(J  probe  was  changed  to  a  static  pressure 
probe  relocated  to  the  combustor  plenum.  This  area  is  much  less  subject 
to  pressure  fluctuations.  In  addition,  a  larger  filtration  system  has 
been  developed  which  has  eliminated  the  pressure  drops  experienced  in 
the  previous  system. 

3.2.10  Electrical  System 

The  engine  electrical  power  system  is  a  two-wire  ungrounded 
design.  The  system  provides  up  to  3.8  kw  continuously  in  a  voltage 
range  of  29.4  to  30.0  volts  dc  throughout  the  steady-state  operating 
envelope  of  the  engine.  This  power  is  generated  by  an  internally 
mounted  alternator  described  in  3.1  and  is  rectified  by  a  power 
conditioning  unit  (PCU) . 

The  PCU,  shown  in  Figure  19,  performs  the  following  functions: 

o  Rectification  of  the  alternator  output  to  dc 

o  Regulation  of  the  alternator  field  excitation  to  control 
the  output  voltage  at  a  nominal  29.7  volts  dc 

o  Sensing  of  alternator  frequency  and  provision  of  a 

"ready''  signal  at  a  nominal  engine  speed  of  83  percent. 

o  Filtration  of  rectified  dc  power  to  meet  specified 
EMI  limits 

o  Provides  a  continuous  speed  signal  to  the  electronic 
control 

o  Provides  dc  power  to  the  electronic  control 
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The  PCU  consists  of  the  following  major  circuits: 


(a)  Rectifier  and  Filter  Circuit  -  The  rectifier  and  filter 
circuit  takes  the  3-phase  ac  power  from  the  alternator, 
rectifies  it  by  means  of  a  simple  3-phase  full-wave 
diode-rectifier  bridge,  and  filters  it  with  a  group  of 
capacitors.  The  resulting  dc  power  provides  the  3.8-kw 
output  and  all  internal  power  requirements. 

(b)  Field  Regulator  -  The  field  regulator  circuit  monitors 
the  dc  output  voltage  and  controls  the  dc  field  current 
to  the  alternator  in  order  to  regulate  the  output  voltage 
at  29.7  +0.3  vdc.  The  field  current  is  controlled  by 
switching  transistors  that  pulse  the  field  with  a  dc 
voltage.  The  dc  field  voltage  has  a  variable  duty  cycle, 
depending  upon  the  dc  load. 

The  field  regulator  circuit  also  monitors  the  average 
dc  current  to  the  field  and  limits  it  at  17  amperes 
in  order  to  protect  the  alternator  against  an  overload. 
This  function  is  performed  by  a  current-sensing  ampli¬ 
fier  that  biases  the  field-regulation  circuit  to  reduce 
the  output  voltage  as  the  overload  increases. 

Finally,  the  field  regulator  circuit  provides  a 
reference  voltage  for  the  frequency  sensor  circuit 
and  for  its  internal  use. 

(c)  Frequency  Sensor  -  The  frequency  sensor  circuit  monitors 
the  frequencies  of  the  alternator  voltage,  which  is 
proportional  to  engine  speed,  and  provides  a  "ready" 
signal  output  when  the  engine  speed  reaches  33  percent. 
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3.2.11  Exhaust  System 


The  convergent  nozzle  developed  during  the  Phase  II  program  was 
required  by  MDAC  and  replaced  the  plug  nozzle  used  on  the  demonstrator 
engine.  The  convergent  nozzle  is  shown  in  Figure  20.  The  design  was 
governed  by  the  following  constraints: 

o  Inlet  hub  radius  and  slope 

o  Inlet  tip  radius  and  slope 

o  Inlet  Mach  number 

o  Exhaust  system  length 
o  Cartridge  starter  volume 

o  External  diametral  limitations 

In  addition  to  the  design  of  the  tailcone,  the  contour  of  the 
cartridge  starter  housing  and  support  struts  was  accomplished  as  part 
of  the  nozzle  improvement. 

3.2.12  Mountings  and  Fittings 

Five  engine  mounts  have  been  provided  on  the  midframe  casting  to 
interface  with  the  missile  airframe.  The  mounts  may  be  utilized  to 
support  the  engine  on  ground  equipment. 

The  engine  air  inlet  provides  for  a  slip- joint  connection  to  the 
missile.  Since  there  is  no  requirement  or  provision  for  mechanical 
fastening  of  the  inlet  duct  to  the  engine  inlet,  a  pliable  seal  on 
the  missile  ducting  will  allow  for  adjustments  of  minor  misalignments. 
Clearances  required  for  engine  expansion  and  alignment  are  consistent 
with  engine/missile  mount  provisions.  Connections  between  the  engine 
and  airframe  are  listed  on  Table  II. 
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Figure  20.  Exhaust  Nozzle. 
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TABLE  II.  CUSTOMER  CONNECTIONS. 


Type  of 

Connection 

Location 

Size  and  Type 

Electrical  Input 
(Start-Ignition) 

Top ,  right 

M81511/01FB02P1 
per  MIL-C-81511 

Electrical  Output 

Top,  left 

M81511/01EF03P1 
per  MIL-C-81511 

Fuel  Inlet 

Top,  just  forward  of 
Engine  Mount  M2 

0 .737-inch-diameter 
port 

Pressure-Regulated  Air 

Top,  left 

0 . 423-inch-diameter 
port 

Engine  Air  Inlet 

Front  of  engine 

9 -inch-diameter 
slip  fit 

Engine  Mount 

Circumference  of 
mid frame 

0 . 5-inch-diameter 
pin  bore 

Vibration  Pickup  Mount 

Right  side  of  mid¬ 
frame 

0.190-inch  10-32 
UNJF-3B  threaded 
port 

3.2.13  Performance 


The  engine  rating  at  sea-level  90°F  ambient-temperature  and  0.85 
Mach  conditions  is  600  pounds  of  net  thrust  plus  an  electrical  output 
of  3.8  kw  dc.  Rated  performance  is  summarized  in  Tables  III  and  IV. 
Thermodynamic  and  mechanical  limits  based  on  the  most  critical  engine 
tolerances  are: 
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Maximum  compressor  inlet  total  temperature: 


| 

194°F  (90°C)  to  215#F  (102°C)  for  1  minute  maximum 

194°F  (90°C)  continuous 

o  Exhaust  gas  temperature: 

Starting,  3-second  above  2000°F  (1093°C) 

limit,  to  2200°F  (1240°C) 

Transient  operation,  above  1582°F  (861°C) 

3-second  limit,  to  2000°F  (1093°C) 

o  Maximum  allowable  rotor  speed: 

Up  to  37,060  rpm,  continuous. 

Above  37,060  rpm  to  below  38,000  rpm,  10  seconds. 

Above  38,000  rpm  to  below  39,600  rpm,  3  seconds, 
o  Electrical  load  extraction,  maximum:  3.8  kw 
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TABLE  III.  PERFORMANCE  RATING  AT  STANDARD  SEA-LEVEL 
CONDITIONS. 


Rating 

Mach 

Number 

Net 

Thrust 

Pounds 

(Min) 

Engine 

Rotor 

RPM 

(Max) 

Specific 

Fuel 

Consump¬ 

tion 

lb/hr/lb 

of 

Thrust 

(Max) 

Measured 

Gas 

Tempera¬ 

ture 

(Max) 

Engine 

Airflow 

Pounds 

Per 

Second 
+  3.0% 

Elec¬ 

trical 

Output 

kw 

B 

Maximum 

Zero 

570 

35,212 

1,267 

1500 

816 

9.5 

Zero 

TABLE  IV.  PERFORMANCE  RATING  AT  SEA-LEVEL  ALTITUDE , 
90°F  AMBIENT  CONDITION. 


Rating 

Mach 

Number 

Met 

Thrust 

Pounds 

(Min) 

Engine 

Rotor 

RPM 

(Max) 

Specific 

Fuel 

Consump¬ 

tion 

lb/hr/lb 

of 

Thrust 

(Max) 

Measured 

Gas 

Tempera¬ 

ture 

(Max) 

Engine 

Airflow 

Pounds 

Per 

Second 
+  3.0% 

Elec¬ 

trical 

Output 

kw 

E9 

B 

a 

Maximum 

0.85 

599 

37,060 

1.679 

1579 

859 

13.5 

Zero 

a 

Maximum 

0.85 

600 

37,012 

1.687 

1582 

861 

13.5 

3.8 
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4 . 0  TEST  RESULTS 


4 . 1  Wind-Tunnel  Tests 

During  the  period  from  April  5  to  May  10,  1972,  three  series  of 
tests  were  conducted  with  the  Model  XJ401-GA-400  Engine  installed  in 
the  McDonnell-Douglas  ETB  Harpoon  Missile  in  the  8x6  wind  tunnel 
test  facility  at  the  NASA- Lewis  Research  Center,  Cleveland,  Ohio. 

The  objective  of  these  tests,  as  defined  in  MDAC  Report  PTR-68,  was 
to  evaluate  the  starting  and  operating  characteristics  of  the  engine 
in  the  basic  airframe  over  the  expected  range  of  flight  Mach  numbers 
and  missile  attitudes.  Of  particular  interest  were  such  features  as 
surge-free  starting  and  operation,  start  time,  mechanical  integrity, 
and  installed  performance. 

o  The  first  series  of  tests  was  performed  during  the 
period  from  April  5  to  April  14  with  use  of  Engines 
S/N  3304  and  3305. 

o  The  second  series ,  conducted  from  April  26  to  May  4 , 
was  run  on  the  same  engines  with  modifications  to  the 
turbine  stator  and  exhaust  nozzle  areas,  and  ultimately 
to  the  compressor  inlet  configuration. 

o  The  third  series,  run  on  May  8,  9,  and  10  at  the 

request  of  NASC,  employed  the  inlet  strut  assembly 
with  the  basic  engine  having  been  restored  to  the 
original  configuration. 

In  the  latter  two  series,  surge-free  starting  and  operation  of 
the  engines  were  obtained  with  utilization  of  the  inlet  device  over 
the  entire  range  of  Mach  numbers  and  pitch/roll  angles  tested. 
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4.2  June  1972  IFRT  Results 


4.2.1  Test  Requirements 

Initial  flight  rating  tests  were  first  conducted  on  the 
XJ401-GA-400  Turbojet  Engine  between  21  April  and  15  June  1972.  The 
tests  were  conducted  to  demons t^ate  the  ability  of  the  engine  to  meet 
model  specification  requirements  applicable  to  starting,  operation, 
performance  and  endurance.  Test  categories  and  conditions  to  which 
the  IFRT  was  addressed  were  defined  by  NASC  and  included  the  tests 
listed  in  Table  V.  Each  test  was  scheduled  for  completion  on  a 
separate  engine.  Each  engine  was  required  to  complete  a  minimum  of 
16  minutes  of  continuous  operation  while  engine  thrust  and  temperature 
were  held  at  maximum.  Additionally,  it  was  specified  that  each  engine 
continue  to  operate  at  maximum  thrust  for  the  test  condition  until 
failure  occurred  or  30  minutes  of  engine  operation  had  been  accumulated. 

TABLE  V.  JUNE  IFRT  REQUIREMENTS. 


Test 

Procedure 

SC-8029  Spec 
Requirement 

Test  Title 

QT-3079-R1 

4.3.14 

Altitude  Start  and  Sea-Level 
Endurance 

QT-8079-R2 

4. 3.6 

Inlet  Air  Pressure 

Variation  and  Endurance 

QT-8079-R3 

4. 3. 2. 2 

High  Temperature  Start  and 
Sea-Level  Endurance 

QT-8079-R4 

4. 3. 2.1 

Low  Temperature  Start  and 
Sea-Level  Endurance 

QT-8079-R5 

4.3.11 

Handling  and  Maneuvering  Loads 
and  Sea-Level  Endurance 

QT-8079-R6 

4.3.4 

Vibration  and  Sea-Level  Endurance 
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4.2.2  Test  Results 


The  June  1972  IFRT  program  was  scheduled  for  completion  within 
an  allotted  time-frame.  The  results  of  those  tests  conducted  during 
the  specified  test  period  are  listed  in  Table  VI.  The  tests  confirmed 
that  the  engine  will  provide  the  following  desirable  features: 

o  Component  life — specifically,  hot  section  life 
o  Starter  reliability 

o  Fuel  pump  durability 

o  Electrical  system  output  and  durability 
o  Engine  thrust 

o  Engine  fuel  consumption 

o  Start  times 

o  High -Mach- number  operation 

o  Operating  with  inlet  distortion 

o  Freedom  from  vibration  resonances 

o  Withstanding  high-temperature  soak 

Problem  areas  encountered  during  the  June  IFRT  that  required 
further  improvements  in  engine  design  were: 

(a)  Bearing  Failures  -  Premature  bearing  failures  were 
experienced  during  some  tests . 

(b)  Fuel-Control  Malfunctions  -  Erratic  fuel  control  action 
was  noted  in  IFRT  and  wind-tunnel  tests. 

(c)  Inconsistent  Altitude  Starts  -  The  engine  did  not 
exhibit  consistent  starting  characteristics  at  20,000 
feet  altitude. 
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4. 2. 2.1  Starts 


During  the  IFRT,  cartridge  starts  were  made  at  the  conditions 
summarized  In  Table  VII.  All  starts  were  performed  with  the  use  of 
a  gearless  starter. 

4. 2. 2. 2  Operating 

The  electrical  system  performed  excellently  throughout  the  tests. 
The  alternator  and  power  conditioning  unit  (PCU)  consistently  pro¬ 
duced  rated  power  output  at  the  required  voltage  level.  The  one 
problem  experienced  with  the  system  when  the  PCU  ready  signal  failed 
on  Engine  S/N  3309RR  was  traced  to  a  faulty  solder  joint.  That 
problem  was  easily  corrected. 

Engine  operation  following  installation  of  the  10-percent  cir¬ 
cumferential  distortion-generating  screen  was  normal.  Corrected 
engine  performance  consistently  matched  performance  parameters  pre¬ 
dicted  by  an  analytical  model.  No  evidence  of  compressor  surge  was 
observed  at  any  time  during  the  operational  testing. 

The  vibration  survey  indicated  that  no  vibration  resonances 
existed  during  normal  engine  operation.  Vibration  levels  were  nearly 
constant  and  within  model  specification  requirements.  Vibration  did 
not  increase  as  engine  operating  time  increased.  Post-test  analyses 
of  the  vibration  frequencies  recorded  during  the  test  showed  the 
excitation  sources  to  be  bearing  ball  rotation,  shaft  unbalance,  and 
alternator  pole  passage. 

4 . 2 . 2 . 3  Performance 

Engine  performance  monitored  during  the  acceptance  tests  is  sum¬ 
marized  in  Table  VIII.  The  test  data  shows  that  the  engines  devel¬ 
oped  positive  performance  margins  for  thrust  or  TSFC. 
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TABLE  VII.  CARTRIDGE  STARTS 
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169 °F  inlet  total  temperature 


Engine  S/N  3311R  operated  within  3  pounds  of  thrust  and  0.002 
lb/hr/lb  of  specified  TSFC  throughout  the  23:32  minutes  of  its  sea- 
level  endurance  test.  Engine  Serial  No.  3311RR  operated  within  3 
pounds  of  thrust  and  0.010  lb/hr/lb  of  TSFC  during  the  26:19  minutes 
of  its  sea- level  endurance  run.  The  performance  of  Engine  Serial  No. 
3309RR  was  actually  higher  at  the  end  of  the  30-minute  endurance  run 
than  at  the  beginning  because  of  a  slight  increase  in  fuel  flow. 

Engine  performance  at  the  off-design-point  conditions  of  the 
IFRT  occurred  as  predicted  by  the  analytical  model  confirming  the 
estimated  performance  contained  in  the  model  specification. 

4 . 2 . 2 . 4  Endurance 


Five  of  the  engines  subjected  to  initial  flight  rating  tests 
exceeded  16  minutes  of  endurance  running  (Serial  Nos.  3307,  3309, 
3311R,  3311RR  and  3309RR)  .  Two  engines  completed  30  minutes  of  oper¬ 
ation. 

o  Engine  S/N  3307  shut  down  after  25:20  minutes  of 
operation  because  of  a  compressor  stator-vane  weld 
failure.  In  order  to  prevent  further  failures,  all 
compressor  stator  welds  were  reinspected  and  abradable 
shrouds  added  to  make  the  engine  rub- tolerant. 

o  Engine  S/N  33 HR  was  shut  down  after  23:32  minutes  of 
operation.  A  failure  analysis  conducted  after  the  test 
indicates  that  the  fracture  or  relaxation  of  one  of  the 
turbine-end  piston-ring  seals  caused  overtemperature 
and  resultant  bearing  failure.  The  test  demonstrated 
the  validity  of  the  compressor-imbalance  fixes,  since 
the  compressor  bearing  was  in  good  condition  after  the 
test  and  showed  that  a  correct  thrust- to-radial  load 
ratio  had  been  obtained. 
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o  Engine  S/N  3309  completed  the  30 lOO-minute  endurance 
run  in  good  condition  except  for  the  damage  resulting 
from  four  failed  combustor  J-tubes  and  combustor  wall 
buckling.  The  J-tubes  failed  because  of  improper 
tolerances  between  the  tubes  and  the  reinforcing 
sleeves .  The  combustor  wall  material  was  subsequently 
changed  from  0 .032-inch-thick  CRES  347  to  0.050-inch- 
thick  HS-25  alloy. 

o  Engine  S/N  3311RR  completed  26:19  minutes  of  operation 
in  good  condition  except  for  damage  resulting  from 
failure  of  both  bearings. 

o  Engine  Serial  No.  3309RR  was  in  excellent  condition 
at  the  end  of  a  32.5-minute  endurance  run  in  which 
performance  goals,  turbine  discharge  total  temperature, 
and  endurance  were  achieved. 

4.3  Captive  Flight  Tests 

Captive  flight  tests  of  the  Model  XJ401-GA-400  Engine  assembled 
in  the  Harpoon  missile  were  conducted  on  a  P-3A  aircraft  at  the 
Naval  Missile  Center,  Point  Mugu,  California.  The  tests  were  con¬ 
ducted  on  June  15  and  16,  1972  at  the  flight  conditions  listed  below. 

2.500  feet  altitude,  Mach  0.38 
15,000  feet  altitude,  Mach  0.38 

1.500  feet  altitude,  Mach  0.53 
20,000  feet  altitude,  Mach  0.57 
20,000  feet  altitude,  Mach  0.38 

Good  starts  were  achieved  at  the  lower  altitudes;  however,  insuf¬ 
ficient  gearless  starter  assist  speeds  did  not  permit  lightoff  or 
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engine  acceleration  during  the  tests  conducted  at  the  higher  altitudes. 
This  was  corrected  by  the  development  of  the  improved  geared  starter 
discussed  in  3.2.8. 

4.4  Endurance  Tests 


Significant  development  tests  were  conducted  from  September  8 
through  December  4,  1972.  These  tests  were  30  minute  endurance  tests 
conducted  on  6  engine  builds  to  evaluate  the  capability  of  the  ball/ 
roller  bearing  combination.  The  engine  configurations,  parameters 
measured,  and  the  condition  of  the  bearings  after  teardown  inspection, 
are  shown  in  Table  IX. 

4.5  Fuel  Control  Component  Tests 

Vibration  and  EMI  tests  were  conducted  as  requested  by  NASC  on 
the  Harpoon  Engine  Electronic  Speed  Control,  Part  306100-1-1. 

4.5.1  Vibration 

Vibration  tests  were  conducted  on  the  electronic  speed  control 
on  13  December  1972.  The  unit  was  subjected  to  the  test  limits  de¬ 
fined  on  Figure  21.  Power  was  supplied  to  the  unit  throughout  the 
test.  The  output  of  the  unit  was  monitored  continuously.  No  failures 
or  changes  in  governor  set  point  occurred.  Total  vibration  time 
accrued  on  the  unit  was  23.3  minutes.  A  functional  check  completed 
after  the  test  shewed  that  unit  operation  was  unchanged. 

Vibration  axes  are  identified  in  Figure  22.  Test  results  are 
presented  in  Figures  23  through  31. 


53 


TABLE  IX.  ENDURANCE  TESTS 
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AIRCBCAPCH  MANUFACTURING  COMPANY  OF  ARIZONA 
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"C"  AXIS 


Figure  22.  Vibration  Axes. 
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Figure  27.  Vibration  Test. 
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Figure  28.  Vibration  Test. 
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Figure  29.  Vibration  Test. 


LOOANM 


HRLSEAr.cn  Ctui  J 'AN  DMAM CS 


ir-oapvt 

KiLVBI 

aui^ui 

wmwsm 


mnuBHi 


SINE  SWEEP.../  OCT 


irii 


iiinnni!) 
iinBiiir 
III  IBIlIk 

B!  9111 


i* 


SSB&jaH 


1 


liv**  iB.nn  ”*”"”"h3SSSSSSSS!b  S| 

BilhfllHMHi  — jjjBBttttEHgBfflKgggaSgBBItBBl 

31  BHHB  li  Wi>fl^U£Bi»iiifi£UrU.itiai  ilii 

MB!  BIIB5g|!WilBB^W8SB| 

■BiEPir^pinSiiil 
IHliMBIB— ■■■■111 


7  "  '’*>00 


2  3  4  6  6  7  M  10 


FREQUENCY  -  CPS 


Figure  30.  Vibration  Test. 
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4.5.2  Electromagnetic  Interference  (EMI) 


4. 5. 2.1  Test  Summary 

Speed  Control  Part  306100-1-1  Serial  No.  P-3  was  subjected  to 
electromagnetic  interference  (EMI)  testing  on  December  18  and  19,  1972. 
The  test  was  conducted  at  Motorola's  EMI  test  facility  in  Scottsdale, 
Arizona.  A  summary  of  the  tests  conducted  is  presented  in  Table  X. 
Testing  was  essentially  in  accordance  with  MIL-E-5009D.  As  verified 
by  the  test  data,  the  speed  control  performance  throughout  the  tests 
was  in  compliance  with  the  limits  of  SC-8029-A,  the  applicable  Harpoon 
engine  model  specification.  Quality  Control  requirements  were  main¬ 
tained  as  evidenced  by  "Certification  of  Conformance"  presented  at 
the  conclusion  of  the  data  pages  of  this  Section. 

4. 5. 2. 2  Test  Setup 

All  tests  were  performed  in  a  double  shielded  enclosure,  6  meters 
long  by  3.5  meters  wide  by  2.4  meters  high.  The  ground  plane  used  was 
a  copper- cove red  table,  3  meters  long  by  1  meter  wide.  The  ambient 
level  was  at  least  6  db  below  the  specification  limits.  All  loads 
were  supplied  by  the  Torque  Motor  Assembly  Part  3740427-1  and  the 
Temperature  Sensor  Part  377012-lE.  The  load  to  the  temperature  sensor 
was  at  room  ambient.  All  connections  were  made  through  the  Cable 
Harness  Part  3740458.  The  input  was  supplied  by  a  Wavetek  Model  135 
sweep  generator  at  1131  Hz  to  simulate  the  turbine  speed.  Refer  to 
Table  X  for  the  figure  number  of  the  test  setup  photographs  contained 
herein,  that  are  associated  with  each  test. 

4. 5. 2. 3  Test  Results 

The  test  specimen  was  operated  with  an  input  voltage  of  28.0  vdc 
and  all  testing  was  conducted  at  laboratory  ambient  conditions.  All 
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TABLE  X.  EMI  TEST  SUMMARY. 


Figures 

Test 

Setup 

Data 

Power  line  conducted  emissions 

32 

33,  34  ,  35, 
and  36 

Radiated  emission  150  KHZ  -  1GHZ 

37 

38 

Radio- frequency  conducted 
susceptbility  50  -  15KHZ 

39 

40  and  41 

Audio- frequency  conducted 
susceptibility  150KHZ  -  1GHZ 

42 

43  and  44 

Radio- frequency  radiated 

susceptibility  100KHZ  -  1GHZ 

45 

46 

measured  signals,  susceptibility  responses,  and  the  level  of  these 
responses  are  recorded  on  the  EMI  data  sheets  contained  herein.  Refer 
to  Table  X  for  the  figure  numbers  of  the  data  sheets  associated  with 
each  test. 

For  susceptibility  testing,  a  current  meter  was  monitored  for  any 
increase  or  decrease  in  current  of  the  input  power,  which  could 
indicate  an  error  in  turbine  speed.  AiResearch  established  that  if  a 
change  in  current  of  +5  ma  occurred,  the  test  specimen  was  susceptible. 
The  resulting  test  data  showed  the  current  change  to  be  well  below 
this  value.  For  all  tests  the  Speed  Control  was  within  the  limits 
specified  in  MIL-E-5007C  and  SC-8029-A. 
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Figure  32.  Test  Setup  Power  Line  Conducted  Emission. 
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ELECTROMAGNETIC  INTERFERENCE 
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TEST  DATA  SHEET  ( A) 
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Figure  35 
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Figure  37.  Test  Setup  Radiated  Emis^ons. 
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Figure  39.  Test  Setup  Radio-Frequency  Conducted  Susceptibility. 
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Figure  41 
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Figure  42. 


Test  Setup  Audio-Frequency  Conducted  Susceptibility  . 
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Figure  45.  Test  Setup  Radiated  Susceptibility. 
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Figure  46 
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MOTOROLA  INC.  AA  <-• 


February  2,  1973 


CERTIFICATION  OF  CONFORMANCE 


I  hereby  certify  that  a  Speed  Control  Unit  was  tested  by 
Motorola  for  Airesearch  Co.,  P.0.  509382,  and  that  such 
assemblies  were  processed  by  Motorola  in  accordance  with 
all  quality  requirements  of  the  purchase  order.  Objective 
evidence  of  test  and  inspection  of  this  material  is  on  file 
and  may  be  reviewed  at  Motorola  upon  request. 


’’Bob  Whitlatch 
QA.  Project  Manager 
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4 #6  Investigation  of  Facility  Inlet  Temperature  Stratification 


Difficulties  experienced  in  setting  the  electromechanical  fuel 
control  governor  in  the  test  facility  initiated  an  investigation  of 
the  facility  ram  air  supply.  With  use  of  high  response  thermocouples 
in  the  inlet  duct  forward  of  the  bellmouth  as  shown  in  Figure  47,  it 
was  ascertained  that  20  to  30 °F  temperature  variations  existed  in  the 
ram  air  supply.  However,  further  tests  revealed  the  existence  of  a 
temperature  stratified  airstream. 

Temperature  variations  with  ram  air  supplied,  as  shown  in  Figure 
Figure  47,  are  listed  in  Table  XI.  As  indicated,  temperature  measure¬ 
ments  taken  with  thermocouples  2  through  5  at  the  bellmouth,  disclosed 
a  temperature  differential  (AT)  of  2i°F  at  the  test  conditions  speci¬ 
fied.  In  order  to  correct  this  problem,  modifications  to  the  air 
delivery  system  were  incorporated  to  provide  better  mixing.  As  indi¬ 
cated  in  Figure  48,  hot  and  cold  air  were  introduced  from  opposite 
directions  rather  than  as  merging  flowpaths  as  shown  in  Figure  47. 
Results  of  tests  conducted  following  the  facility  modification,  showed 
a  AT  of  less  than  5°F  (see  Table  XII).  In  addition,  the  procedures 
for  supplying  the  inlet  air  were  revised  and  test  results,  as  presented 
in  Table  XIII,  show  a  total  temperature  variation  of  only  1°F.  Sub¬ 
sequent  engine  tests  resulted  in  satisfactory  fuel  control  adjustments. 
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Figure  48.  Inlet  Plenum  Mixing  Chamber  with  Modified 
Air  Supply  System. 


TABLE  XI.  COMPRESSOR  INLET  TEMPERATURE  VARIATION. 


Pt2 

Wa 

T 

t2 

4.0  inches  Hg 

Ram  &P 

10.0  lbs  per  sec 

(2)  =  165  °F 

(3)  =  186  °F 

(4)  =  175#F 

(5)  =  174  °F 

AT  =  ?l#F 

A-l  and  A-7  temperatures  into  plenum 


A-l  A- 7 

(1)  =  277  °F  (1)  =  53°F 

(2)  =  276°F  (2)  =  53°F 


TABLE  XII.  COMPRESSOR  INLET  TEMPERATURE  VARIATIONS 
AFTER  FACILITY  MODIFICATION. 


Pt2 

Wa 

T 

t2 

4.0  inches  Hg 

Ram  aP 

10.0  lbs  per  sec 

(2)  =  103 °F 

(3)  =  183 °F 

(4)  =  182°F 

(5)  =  179aF  ' 

AT  =  4°F 

A-l  and  A-7  temperatures  into  plenum 

A-l 

A-7 

(1)  =  291°F 

(1)  =  51°F 

(2)  =  292°F 

(2)  =  52°F 
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TABLE  XIII.  COMPRESSOR  INLET  TEMPERATURE 

VARIATIONS  FOLLOWING  MODIFICATIONS 
TO  PROCEDURE. 


Pt2 

Wa 

T 

At2 

6.0  inches  Hg 

Ram  AP 

13.0  lbs  per  sec 

(2)  =  +170°F 

(3)  =  +169°F 

(4)  =  +169°F 

(5)  =  +169°F 

AT  =  1°F 

A- 1  and  A-7  temperatures  to  plenum 

A- 1  A-7  j 

(1)  =  188°F  (1)  =  143°F 

(2)  «  189°F  (2)  =  143  °F 
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4.7  Engine  Rear  Thrust  Bearing  Operating  Life  Extension 


A  program  was  initiated  to  improve  the  engine  rear  bearing  life 
after  -65°F  soaking.  The  program  consisted  of  selecting  a  lubricant 
better  suited  for  low- temperature  operation,  improving  the  cooling  to 
the  engine  rear  bearing,  and  regulating  the  amount  of  axial  thrust 
loading  on  the  rear  bearing.  The  improvements  resulting  from  this 
program  and  the  tests  conducted  to  evaluate  them  are  summarized  as 
follows: 

o  Mobil  Jet  II  (MIL-L-23699)  oil  was  selected  as  a  replacement 
for  Krytox  143AC.  Bearing  test  rig  and  engine  tests  verified 
that  Mobil  Jet  II  was  a  better  lubricant  at  low- temperature 
(_65°F)  conditions. 

o  The  rear  bearing  cooling  air- flow  area  was  increased  100 
percent,  by  enlarging  the  cooling  air  holes  in  the  turbine 
shaft  as  shown  in  Figure  49,  and  in  the  slinger  as  shown  in 
Figure  50.  This  resulted  in  a  bearing  temperature  reduction 
of  approximately  150°F  during  testing. 

o  A  1/2  inch  diameter  relief  valve  to  regulate  the  amount  of 
axial  thrust  load  imposed  on  the  rear  bearing  (see  Figure  51) 
was  used  in  place  of  the  4-hole  orifice  plate.  This  relief 
valve  method,  with  a  20  psi  differential  cracking  pressure, 
regulates  the  pressure  in  the  thrust-balance  cavity  and  causes 
a  forward  thrust  loading,  whereas  the  orifice  plate  has  a  non- 
regulated  bleed-off  of  the  balance-cavity  pressure,  permitting 
the  bearing  axial  loading  to  be  in  either  direction.  Engine 
tests  to  evaluate  this  regulated  axial  loading  were  satisfactory. 

These  changes,  as  a  combination,  were  effective  in  increasing 
the  bearing  life.  The  reduced  temperature  level  in  the  rear  bearing 
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assured  that  the  Mobil  Jet  II  oil  maintained  the  proper  lubrication 
qualities  at  the  high- temperature  end,  while  being  better  than  Krytox 
at  the  low- temperature  end  of  the  engine  operating  range.  In  addition, 
a  constant  forward  axial  loading  of  the  rear  bearing  as  provided 
by  the  relief  valve,  was  found  to  be  desirable. 


Figure  49.  Enlarged  Cooling  Air  Holes  in  Turbine  Shaft. 
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Figure  50.  Slinger  with  Enlarged  Cooling  Holes. 
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Figure  51.  Thrust-Balance  Cavity  Relief  Valve, 
1/2  Inch  in  Diameter 
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4.7.1  Lubrication  Evaluation  Testa 


A  series  of  bearing  rig  tests  were  conducted  to  evaluate  Krytox 
] 43  AC  and  Mobil  Jet  II  (MIL-L- 23699)  lubricants.  Testing  was  con¬ 
ducted  under  low-  and  high- temperature  conditions. 

4. 7.1.1  Low  Temperature 

A  total  of  20  minus  65°F  cold- soak  tests  were  conducted,  14 
using  Krytox  and  6  using  Mobil  Jet  II.  The  soaks  were  of  3-hour 
duration  except  for  three  that  were  10  hours  in  length.  In  general, 
the  conclusions  reached  from  these  tests  were: 

(a)  All  bearings  tested  with  Mobil  Jet  II  oil  acquired 
either  no  skid  damage  or  tolerable  skid  damage. 

(b)  Bearings  tested  with  Krytox  143  AC  oil  acquired  some 
measure  of  ball  skid  damage. 

(c)  The  thrust  bearing  can  operate  for  3  minutes  with 
no  available  oil  supply  other  than  the  residual  oil 
in  the  bearing.  The  oil  in  this  case  can  be  either 
Mobil  Jet  II  or  Krytox  143  AC. 

4.7.1. 2  High  Temperature 

High-temperature  rig  tests  essentially  imposing  conditions 
simulating  engine  running,  indicated  that  the  oil  sump  can  be  filled 
with  sufficient  Mobil  Jet  II  to  permit  30  minutes  of  engine  running. 
Two  test  runs  were  made  to  determine  the  quantity  of  oil  required, 
up  to  the  bearing  failure  point.  Both  runs  were  well  over  1  hour 
duration  with  an  oil  consumption  of  approximately  100  cc  per  test. 
The  quantity  of  oil  remaining  at  the  end  of  the  tests  was 
approximately  30  cc.  The  bearing  temperature  just  prior  to  failure 
was  420°F. 
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4.7.2  Engine  Testing 


Two  engine  builds  were  completed  which  Included  the  Increased 
cooling  to  the  rear  bearing  and  Installation  of  the  1/2  inch  diameter 
relief  valve,  with  a  20  psi  differential  cracking  pressure,  on  the 
thrust-balance  cavity. 

The  first  test  was  conducted  with  use  of  Krytox  14  3  AC  lubricant 
in  the  rear  bearing.  The  test  consisted  of  a  standard  acceptance 
test  followed  by  IFRT  No.  1  test,  including  the  10  hour,  -65°  soak. 
Examination  of  the  bearing  after  the  test  showed  indications  of 
excessive  ball  skidding  on  the  inner  race.  The  second  build  and 
test  of  the  engine  was  the  same  as  the  first  build,  except  for  the 
use  of  Mobil  Jet  II  (23699)  lubricant  in  the  rear  bearing.  The  condition 
of  the  bearing  following  this  test  was  excellent,  with  no  evidence  of 
ball  skidding. 

An  additional  engine  was  built  and  instrumented  to  measure  axial 
thrust  loads  on  the  rear  bearing.  With  the  4-hole  orifice  plate, the 
bearing  thrust  loads  were  found  to  be  in  either  direction,  but  generally 
aft.  Several  runs  were  conducted  with  the  1/2  inch  relief  valve,  and 
the  bearing  thrust  loads  were  found  to  be  in  the  forward  direction 
with  a  magnitude  of  200  to  400  pounds.  This  engine  satisfactorily 
completed  a  cartridge  start  at  altitude  and  a  10  minute  run,  during 
which  the  engine  performed  all  IFRT  transitions  for  IFRT  Engine  No.  1, 
with  the  relief  valve. 
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4.8  Preliminary  IFRT 


Three  engines  completed  IFRT  type  testing  during  February  1973. 
These  engines  were  assembled  with  the  1/2-inch-diameter  relief  valve 
with  a  20-psi  differential  cracking  pressure  on  the  thrust-balance 
cavity,  turbine  wheel  shaft  and  slinger  with  increased  cooling  holes 
for  improved  rear  bearing  cooling,  and  Mobil  Jet  II  (23699)  lubricant 
in  the  rear  bearing.  The  remaining  engine  parts  were  of  standard 
configuration.  The  engine  serial  numbers,  the  test  they  received  in 
accordance  with  QT-8090A,  and  their  endurance  run  time  were  as  fol¬ 
lows: 


Serial  Number 

3301 

3302 
3310 


Test 

IFRT  No.  1 

IFRT  No.  2 

IFRT  No.  2  (except 

handling  and  maneuvering 

loads  test) 


Run  Time 
43  minutes 
29  minutes 
32  minutes 


4.8.1  Engine  Serial  No.  3301 

On  February  5,  1973,  this  engine  performed  a  4-minute  acceptance 
test  in  accordance  with  ATP-8030,  Rev.  6,  dated  January  18,  1973. 

Then,  as  required  by  the  IFRT  Procedure  for  engine  No.  1,  the  engine 
was  subjected  to  a  10-hour  cold  soak  at  minus  65°F,  starting  on 
February  6,  1973.  A  cartridge  start  was  made  at  20,000-foot,  M  -  0.38, 
minus  34 °F  inlet  conditions.  The  engine  was  transitioned  to  Phoenix 
altitude,  M  -  0.85,  169°F  inlet  conditions  and  operated  for  a  total 
of  43  minutes  before  being  shut  down  for  bearing  temperature  rise. 

This  rise  was  due  to  depletion  of  available  lubricant  oil  (MIL-L-23699) . 
The  43  minutes  of  run  time  is  considered  as  "run  to  destruction."  As 
can  be  observed  on  Figures  52  through  57,  the  examination  after  test 
revealed  the  condition  of  the  engine  hardware  to  be  excellent.  Figure 
58  shows  the  recordings,  and  Figure  59  presents  the  thrust  of  the 
engine  during  this  test. 
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COMBUSTOR  NOZZLE  (P4 704 3-11) 
ASSEMBLY,  PART  3740292 


COMBUSTOR  NOZZLE  ASSEMBLY  (P47043-10) 
PART  3740292 


TURBINE  WHEEL  (P4704  3-3) 
PART  3740283-1 


TURBINE  WHEEL  ASSEMBLY  (P47043-2) 
PART  3740283-1 


Figure  52.  Post-Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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COMPRESSOR  HOUSING  (P47043-15) 
PART  3740270 


COMPRESSOR  HOUSING  (P4 704 3-12) 

PART  3740270 

Figure  53.  Post-Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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REAR  BEARING  CARRIER  (P47043-30)  FRONT  BEARING  CARRIER  ASSEMBLY  (P47043-29) 
PART  3740409  PART  3740408 


MIDFRAME  ASSEMBLY  (P47043-17) 
3740406 


Figure  54.  Post- Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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ROLLER  BEARING  (P47043-21) 
PART  358723-2 


BALL  BEARING  (P47043-22) 
PART  3740290-1 


REAR  OIL  SLINGER  (P4704  3-2  3) 
PART  3740468 


GEARSHAFT  (P47043-4) 
PART  3740394 


Figure  55.  Post-Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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RELIEF  VALVE  (P47043-27) 
PART  771-612-9301 


CONTROL  WIRING  HARNESS  (P47043-20) 
AND  Tt2  SENSOR 

PART  3740458 


PRESSURE  REGULATOR  (P4704  3-19) 
PART  374042  7 


Figure  56.  Post-Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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STARTER  (P4 704 3-8) 
PART  3505055 


ALTERNATOR  ASSEMBLY  (P4704  3-18) 
PART  2045042-2-1 


FUEL  CONTROL  ASSEMBLY  (P4 704 3-6) 
PART  3740425 


POWER  CONDITIONING  UNIT  (P4704  3-7) 
PART  3740463-1 


Figure  57. 


Post-Endurance  Test  Parts 
(Engine  Serial  No.  3301) 
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Reproduced  from 
best  available  copy. 
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4.8.2  Engine  Serial  No.  3302 


A  4-minute  acceptance  test  was  performed  on  February  7,  1973  ,  in 
accordance  with  ATP-8030,  Rev.  6.  This  engine  was  then  tested  on 
February  7 ,  1973,  in  accordance  with  the  requirements  of  IFRT  engine 
No.  2  in  QT-8090A. 

The  engine  was  subjected  to  the  handling  and  maneuvering  loads 
test  followed  by  a  10-hour  hot  soak  at  plus  160°F.  A  cartridge  start 
at  20,000-foot,  M  ■  O.l'O,  60*F  inlet  conditions  was  conducted.  Then 
a  29-minute  endurance  test  during  which  the  engine  performed  transi¬ 
tions  to  Phoenix  altitude,  M  ■  0.85,  169 °F  inlet  conditions.  The 
engine  was  shut  down  because  of  a  sudden  rise  in  rear  bearing  tempera¬ 
ture  due  to  depletion  of  available  lubricant  (MIL-L-23699) .  The 
condition  of  the  hardware  after  the  test  was  generally  excellent. 

One  stator  vane  burn-through  was  observed.  Figure  60  shows  the  record¬ 
ings,  and  Figure  61  presents  the  engine  thrust  information  obtained 
during  this  run. 

4.8.3  Engine  Serial  No.  3310 

This  engine  was  tested  to  evaluate  the  quantity  of  Mobil  Jet  II 
lubricant  available  to  the  rear  engine  bearing.  The  testing  was  con¬ 
ducted  on  February  1  and  2,  1973.  The  test  consisted  of  a  standard 
acceptance  test  followed  by  a  10-hour,  160°F  soak  and  a  cartridge 
start  at  20,000  foot,  M  ■  0.6,  60°F  inlet  conditions.  Subsequently, 
the  engine  completed  a  32-minute  endurance  test.  The  after-test  con¬ 
dition  of  the  engine  bearings  and  other  lubricated  components  was  very 
good,  indicating  that  an  adequate  quantity  of  lubricant  was  available 
during  the  test. 

4.9  Dif fuser-Combustor  Improvement  Program 

The  purpose  of  these  tests  was  to  evaluate  the  diffuser-combustor 
system  ei  "■‘.ct  upon  turbine  inlet  temperature  distribution.  During 
acceptance  tests  started  but  not  completed  in  February  1973 ,  nozzle 
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vane  distress  occurred.  Due  to  this  distress ,  an  intensive  diffuser- 
combustor  improvement  development  program  was  conducted  before  starting 
the  IFRT. 

During  this  development  program,  back-to-back  testing  of  a  com¬ 
plete  engine  at  full  speed  without  combustion  was  used  to  refine  the 
midframe  design.  A  midframe  Diffuser  Part  3740406  used  during  the 
aborted  acceptance  testing  was  the  reference  design  (see  Figure  54)  . 

The  improved  diffuser  design,  Part  3740479,  developed  through  the 
back-to-back  rig  testing  is  shown  in  Figure  62.  The  improved  dif¬ 
fuser  design  is  hand- finished  smooth  from  the  as-cast  surface  in 
order  to  provide  consistent  results,  and  incorporates  radial  poles 
in  line  with  the  fuel  inlets.  These  poles  are  located  in  circumfer¬ 
ential  positions  where  there  were  no  struts.  Partial  trip  tubes  to 
provide  a  uniform  presentation  of  air  to  the  combustor  assembly  were 
also  incorporated.  The  pressure  drop  for  this  improved  configuration 
was  comparable  to  that  of  the  reference  design. 

The  combustor  design  was  also  improved,  based  upon  a  series  of 
combustor  rig  tests  with  use  of  engine  hardware.  The  original  design 
Combustor,  Part  3740293-1,  had  four  rows  of  outer-wall  dilution  holes 
and  three  rows  of  inner-wall  dilution  holes,  with  each  row  containing 
18  holes.  The  holes  were  all  of  the  same  diameter,  pierced  flat,  with 
no  flare.  The  improved  Combustor,  Part  3740478-1,  utilized  a  differ¬ 
ent  hole  pattern  with  four  rows  of  flared  holes  on  the  inner  and  outer 
walls.  The  holes  in  the  first  two  rows  were  smaller  in  diameter,  with 
24  holes  per  row,  and  the  two  downstream  rows  had  12  holes  per  row. 

The  new  hole  pattern  and  the  flaring  of  the  holes  were  intended  to  pro¬ 
vide  better  mixing  of  the  products  of  combustion  with  dilution  air. 

The  improved  combustor  and  midframe  diffuser  were  assembled  into 
engines  and, prior  to  acceptance  testing,  subjected  to  a  green  run. 

This  green  run  was  conducted  with  the  use  of  an  exhaust  nozzle  instru¬ 
mented  with  33  equally  spaced  rows  of  three  thermocouples.  The  maximum 
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allowable  temperature  spread  factor  (TSF)  at  a  fuel-air  ratio  of  0.019 
was  0.34  as  evaluated  from  the  following  equation: 

T.Maximum  -  T .Average 

TSP  ■  S  ^ 

Tj  Average  -  Average 

where  T^  ■  turbine  inlet  temperature,  °F 

T3  -  compressor  discharge  temperature,  °F 

The  green-run  TSF  results  for  the  IFRT  engines  are  given  in 
Section  6.4. 
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5.0  INITIAL  FLIGHT  RATING  TEST  (IFRT) 

5.1  Purpose 

The  purpose  of  the  test  was  to  demonstrate  the  capability  of  the 
Model  XJ401-GA-400  Expendable  Turbojet  Engine  (AiResearch  Part 
3740300-1)  to  meet  the  IFRT  requirements  of  QT-8090A,  dated  February  5, 
1973.  This  test  satisfies  the  initial  flight  rating  test  as  described 
in  Paragraph  4.3.2,  Part  III,  of  AiResearch  Model  Specification 
SC-8029-A,  for  the  Naval  Air  System  Command  Model  XJ401-GA-400  Engine, 
Missile,  Turbojet. 

5.2  Summary 
5.2.1  Abstract 


The  initial  flight  rating  tests  were  conducted  on  two  engines. 

The  engines  and  the  tests  they  completed  are  listed  as  follows: 

IFRT  Engine  No.  1 

o  Green  run  [to  determine  temperature  spread  factor  (TSF) ] 
o  Acceptance  (ATP)  (Windmill  and  altitude  start,  4  minutes 
total  run) 

o  Low-temperature  soak  (minus  65°F  for  10  hours) 
o  Altitude  start  (20,000  feet,  cold  day) 
o  Inlet  distortion  operation  (10  percent  CDI  screen 
installed  in  inlet) 

o  Design-point  operation  (tropical  day,  sea-level) 
vibration  survey  (total  run  time  of  20.5  minutes) 
o  Disassembly  and  inspection 
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IFRT  Engine  No.  2 


o  Green  run  [to  determine  temperature  spread  factor 
(TSF) ] 

o  Acceptance  (ATP)  (Windmill  and  altitude  start, 

4.4  minutes  total  run) 
o  Handling  and  maneuver  loads  (17.5  g's) 
o  High-temperature  soak  (160°F  for  10  hours) 

o  Altitude  start  (20,000  feet,  hot  day) 

o  Design-point  operation  (tropical  day,  sea-level) 

vibration  survey  (total  run  time  of  26.2  minutes) 
o  Disassembly  and  inspection 

Testing  was  started  on  March  30,  1973,  and  completed  on  April  7, 

1973.  A  summary  listing  of  the  acceptance  test  data  for  each  engine, 

corrected  to  the  design  point  (sea  level,  Mach  0.85,  90°F  ambient 
temperature),  and  with  a  3.8-kw  output,  is  presented  as  follows: 

TABLE  XIV.  ACCEPTANCE  TEST. 


IFRT 

No. 

Net  Thrust  (Pounds) 

TSFC  (lb/hr/lb) 

Measured  Gas 
Temp.  (#F) 

Spec. 

(Min) 

Engine 

Percent 

♦Margin 

Spec. 

(Max) 

Engine 

Percent 

♦Margin 

mam 

Engine 

B 

600 

607 

+1.2 

1.687 

1.641 

+2.7 

1582 

1553 

2 

600 

611 

+1.8 

1.687 

1.627 

+  3.6  ’ 

1582 

1580 

A  summary  listing  of  the  IFRT  design-point  performance  data  at 
16  minutes  of  run  time  is  presented  in  Table  XV.  The  data  is  cor¬ 
rected  to  the  design  point  (sea  level,  Mach  0.85,  90°F  ambient  temper¬ 
ature). 


♦Percent  margin  relative  to  Model  Specification  requirements. 
Positive  margin  indicates  higher  thrust  or  lower  TSFC  than 
required. 
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TABLE  XV.  IFRT  TEST 


IFRT 

No. 

Net  Thrust  (Pounds) 

TSFC  (lb/hr/lb) 

Measured  Gas 
Temp.  ( °F) 

Spec. 

(Min) 

Corr. 

Percent 

•Margin 

Spec. 

(Max) 

Corr. 

Percent 

•Margin 

mam 

1 

600 

619 

+  3.2 

1.687 

+  3.3 

1612 

1587 

2** 

600 

578 

KB 

1.687 

1.602 

+  5.0 

1612 

1418 

•Percent  margin  relative  to  Model  Specification  requirements. 
Positive  margin  indicates  higher  thrust  or  lower  TSFC  than 
required. 

** Demonstrated  performance  shown  is  discussed  in  Paragraph  5.C.4. 


5.2.2  Conclusions 


From  the  test  results  it  is  concluded  that  the  Model  XJ401-GA-400 
Expendable  Turbojet  Engine  has  met  the  requirements  of  the  initial 
flight  rating  tests  for  the  Harpoon  Missile,  as  specified  in  QT-8090A. 

This  report  is  the  Final  Test  Report  and  also  the  Final  Report 
for  the  contract. 


5.2.3  Recommendations 


It  is  recommended  that  the  tests  reported  herein  be  accepted  by 
the  Naval  Air  System  Command  as  verification  of  the  capability  of  the 
Model  XJ401-GA-400  Expendable  Turbojet  Engine  to  meet  the  requirements 
of  AiResearch  Model  Specification  SC-8029A. 
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References 


o  AiResearch  Model  Specification  SC-8029-A,  Engine,  Missile, 
Turbojet,  for  Naval  Air  Systems  Command  Model  No. 

XJ401-GA-400 ,  AiResearch  Part  3740300-1,  30  November  1972. 

o  AiResearch  Acceptance  Te3t  Procedure  QT-8030,  Rev.  6,  for 
the  Naval  Air  Systems  Command  Model  XJ401-GA-400  Expendable 
Turbojet  Engine,  January  18,  1973. 

o  AiResearch  Initial  Flight  Rating  Test  Procedure  QT-8090A, 
for  Naval  Air  Systems  Command  Model  XJ401-GA-400 
Expendable  Turbojet  Engine,  February  5,  1973. 

5.4  Engine  Description 

The  type  and  model  designation  of  this  turbojet  engine  is 
XJ401-GA-400  as  assigned  by  the  Naval  Air  Systems  Command,  U.S.  Navy. 
The  engine  has  a  circumferential  inlet.  The  engine  comprises  a 
four-stage  axial  compressor  driven  by  a  common  rotor  shaft  connected 
to  a  single-stage  axial  turbine.  Compressor  discharge  air  is  directed 
through  an  in-line  annular  air-blast  atomization  combustor.  Combustion 
gases  pass  through  the  turbine  and  are  discharged  axially  through  an 
engine  exhaust  cone.  A  cross-section  of  the  engine  is  shown  in 
Figure  63. 

The  engine  control  system  provides  for  automatic  control  of  the 
engine  from  initiation  of  the  start  sequence  through  acceleration  to 
maximum  speed  and  power  throughout  the  engine  operating  envelope. 

This  schedule  is  used  to  accelerate  the  engine  to  maximum  power  and 
to  maintain  the  maximum  power  setting  without  requiring  an  external 
signal  input.  The  control  system  furnished  with  the  engine  consists 
of  a  constant-displacement  fuel  pump,  a  fuel  metering  section,  and  an 
airframe-mounted  electronic  computer  assembly. 
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Figure  63.  Cross-Section  View  of  XJi01-GA-400 


The  engine  is  started  by  a  solid-propellant  starter  and  a  pyroflare, 
both  of  which  are  ignited  by  electrical  squibs.  The  flaming  products 
of  the  pyroflare  ignite  the  fuel-air  mixture  in  the  combustor,  and  the 
combusted  products  drive  the  turbine.  The  fuel  control  schedules  fuel 
automatically  during  starting,  acceleration,  and  operation. 

The  engine  rotor  shaft  is  simply  supported  on  two  antifriction 
bearings.  Each  of  the  bearings  is  lubricated  by  a  self-contained 
oil-wick  lubrication  system. 

The  engine  is  capable  of  furnishing  a  supply  of  dc  electrical 
power. 

Engine  components  are  described  in  detail  in  Section  3.0,  Para¬ 
graph  3.2. 

5.4.1  Test  Engine  Identification 

Photographs  of  the  engine  attached  to  its  mounting  plate,  showing 
the  right  and  left  side  in  a  front  and  rear  oblique  view,  are  shown  in 
Figures  64  through  67. 

The  engine  assembly  traveler  and  engine  build  runout  sheet,  are 
contained  in  Section  6.1,  and  component  inspection  records  for  both 
engines  are  contained  in  Section  6.2  of  this  report.  The  engine  parts 
for  both  engines  were  placed  in  the  Government  Bond  Room  after  the 
post-test  disassembly  and  inspection. 

5.5  Facility  Description 

5.5.1  Test  Setup 

The  acceptance  tests  and  all  initial  flight  rating  tests  except 
the  handling  and  maneuvering  loads  test  were  conducted  in  the  AiResearch 
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Figure  64.  IFRT  Engine  Model  XJ401-GA-400 
(Right  Front  Oblique  View) . 
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Figure  6G. 


IFRT  Enyine  Model  XJ401-GA-400 
(Right  Rear  Oblique  View) . 
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Figure  05.  IFRT  Engine  Model  XJ401-GA-400 
(Left  Front  Oblique  View) . 
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Figure  67.  IFRT  Engine  Model  XJ401-GA-400 
(Left  Rear  Oblique  View) . 
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Large  Altitude  and  Cold  Chamber  No.  2.  The  exterior  of  the  chamber  and 
the  interior  of  the  control  room  are  shown  in  Figure  6  8.  The  air  inlet 
ducting  and  a  portion  of  the  interior  of  the  chamber,  the  control  and 
instrument  panels  of  the  control  room  are  shown  in  photographs  con¬ 
tained  in  Section  6.2. 

The  handling  and  maneuvering  loads  test  was  conducted  on  the 
centrifuge  test  rig  at  the  AiResearch  San  Tan  Facility.  The  centri¬ 
fuge  with  the  engine  mounted  in  the  Y  axis  is  shown  in  Figure  69. 

5.5.2  Engine  Installation 

The  engine  installed  in  the  Altitude  Chamber  thrust  stand  is 
shown  in  Figure  70.  A  close-up  view  is  shown  in  Figure  71. 

Isolation  of  the  engine  from  the  inlet  ducting  was  accomplished 
with  use  of  a  labyrinth  seal  at  the  engine  inlet.  The  isolation  was 
verified  prior  to  the  engine  tests  by  application  of  a  measured  force 
to  the  engine  mount  ring  and  comparison  of  this  force  with  the  control 
room  thrust  readout.  The  readout  was  within  1  pound  of  the  applied 
force,  with  the  applied  force  equal  to  600  pounds. 

Figure  72  presents  a  schematic  that  shows  the  plenum  used  to 
duct  the  inlet  air  to  the  engine.  The  plenum  acts  as  a  mixing  chamber 
for  the  conditioned  air  supplied  to  the  engine.  It  also  contains  a 
bellmouth,  inlet  condition  sensing  probes,  and  a  dump  valve.  The 
plenum  permits  operation  of  the  engine  at  the  required  inlet  pressures 
and  temperatures. 

A  vacuum  system  evacuates  the  chamber  to  maintain  the  required 
ambient  altitude  and  exhaust  pressure  conditions. 
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EXTERIOR  VIEW 


/✓ 

V  *  *  *  m  . 

nil 

1 

ipLJfe'i 

*  #  ^ 

fftiJHI  « 

■  (•I 

ft 

mg 

1/1  jj  I 

If#! 

•• 

1 

m 

®  * 

1 

jgj 

■prl 

1  ••> 

1  s* 

-5.fc 

Figure  69.  Engine  Installed  on  the  Centrifuge  in  the  Y-Axis. 
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Figure  70.  Engine  Mounted  on  the  Thrust  Stand  in  the 
Altitude  Chamber. 
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Figure  71.  Close-up  View  of  Engine  Mounted  on  the 
Thrust  Stand  in  the  Altitude  Chamber. 
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The  electrical  system  used  for  starting ,  stopping ,  and  overspeed 
protection  of  the  engine  is  shown  in  Figure  73.  Safety  for  the  pyro¬ 
technic  circuits  was  provided  by  an  electrical  connector  wired,  us 
shown  in  Figure  73,  so  that  when  installed  in  the  chamber  it  both 
grounded  the  circuits  and  ensured  interruption  of  the  power  supply. 
Further  protection  against  inadvertent  firing  of  the  pyrotechnic 
devices  was  provided  by  a  key-actuated  switch  in  the  control  circuits. 

The  engine  test  setup  in  the  altitude  chamber  is  own  schemati¬ 
cally  in  Figure  74. 

5.5.3  Instrumentation 


The  tests  were  conducted  with  the  engine  installed  in  a  fully 
instrumented  test  setup.  The  parameters  measured  and  the  methods  of 
recording  them  are  listed  in  Section  6.2. 

All  instrumentation  was  of  the  laboratory  precision  type,  and  was 
certified  by  standards  derived  from  those  of  the  National  Bureau  of 
Standards.  Certification  of  instrumentation  used  during  testing  was 
accomplished  by  the  AiResearch  Instrumentation  Laboratory  under  the 
surveillance  of  the  AiResearch  Quality  Control  Department.  A  tag  or 
label  denoting  the  date  of  calibration  and  date  of  expiration  of  the 
certification  was  attached  to  each  instrument. 

The  equipment  and  instrumentation  used  for  the  tests  are  listed 
in  Section  6.2.  This  table  lists  the  instrument  type;  manufacturer; 
model,  type,  or  size;  range;  and  accuracy  limits.  Specific  informa¬ 
tion  concerning  the  instrumentation  used,  including  serial  numbers, 
date  of  calibration  certification,  and  location  of  the  instrument  in 
the  test  setup,  is  also  shown  in  Section  6.2. 
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Figure  74.  Engine  Test  Setup  in  the  Altitude  Chan&er. 


5.6  Test  Procedure 


Testing  was  conducted  in  accordance  with  the  Initial  Flight  Rating 
Test  Procedure,  QT-8090A. 

Prior  to  starting  the  initial  flight  rating  tests,  each  engine 
satisfactorily  completed  a  green  run,  followed  by  an  acceptance  test  in 
accordance  with  ATP-8030,  Rev.  6,  dated  January  18,  1973.  The  run 
time  during  acceptance  testing  for  engine  No.  1  was  4.4  minutes,  and 
for  engine  No.  2,  4  minutes.  The  other  tests,  as  listed  above  for 
each  engine,  are  summarized  by  engine  number  as  follows: 

IFRT  Engine  No.  1  -  The  engine  was  installed  in  the  test 
chamber  with  a  10-percent  CDI  screen  in  the  inlet.  Following 
a  low- temperature  soak  at  minus  65°F  for  10  hours,  the  engine 
was  cartridge-started  at  a  simulated  altitude  of  20,000  feet 
(cold  day),  inlet  Mach  No.  0.38.  The  start  was  successful, 
and  after  stabilization  of  1  minute  at  these  conditions,  the 
engine  was  transitioned  to  an  inlet  Mach  number  of  0.90  at 
20,000  feet  and  then  to  sea  level  at  Mach  No.  0.90  and  run  for 
1  minute  at  each  condition  at  maximum  thrust.  The  operating 
conditions  were  again  changed  to  transition  the  engine  to  the 
design-point  test  condition  (Condition  4,  tropical  day,  Mach 
0.85,  sea  level),  and  the  engine  was  run  at  this  condition 
until  shut  down.  The  engine  performance  and  vibration  levels 
throughout  this  test  were  satisfactory,  and  the  engine  accumu¬ 
lated  a  total  run  time  of  20.5  minutes,  with  shutdown  due  to 
a  change  in  bearing  temperature . 

IFRT  Engine  No.  2  -  This  engine  was  subjected  to  the  handling  and 
maneuver  loads  test  or.  a  centrifuge,  in  which  the  engine  received 
loads  of  17.5  g's  in  each  of  three  mutually  perpendicular  planes. 

A  visual  inspection  of  the  engine  following  the  test  showed  no 
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damage.  The  engine  was  then  installed  in  the  altitude  chamber 
and  subjected  to  the  high-temperature  soak  test  at  160°F  ambient 
for  10  hours.  Following  completion  of  the  soak  period,  the 
engine  was  cartridge-started  at  a  simulated  altitude  of  20,000 
feet  (hot  day),  inlet  Mach  number  of  0.6  (Condition  5)  .  The 
start  was  successful,  and  after  stabilization  at  the  start 
condition  and  a  run  time  of  1  minute,  the  engine  was  transitioned 
to  the  design  point  (Condition  4,  tropical  day,  Mach  0.85,  sea 
level)  and  was  run  at  this  condition  until  shut  down.  The  engine 
accumulated  a  total  run  time  of  26.2  minutes,  with  shutdown  due 
to  a  change  in  bearing  temperature . 

Disassembly  inspection  of  each  engine  showed  all  components  to  be 
in  excellent  condition  and  capable  of  continued  operation,  except  for 
the  thrust  ball  bearing. 

5.7  Test  Results 


5.7.1  IFRT  Engine  No.  1 

5. 7. 1.1  Green  Run 


Prior  to  the  acceptance  test,  the  engine  was  assembled  with  the 
improved  diffuser-combustor  assembly  (see  Paragraph  4.9),  and  subjected 
to  a  green-run.  The  test  was  conducted  on  the  engine  test  stand  with 
a  special  exhaust  nozzle  equipped  with  99  thermocouples  to  measure  Tfc5 
as  shown  in  Figure  75.  The  purpose  of  the  green  run  was  to  determine 
the  temperature  spread  factor  (TSF) .  The  maximum  allowable  TSF  at  a 
fuel-air  ratio  of  0.019  is  0.34.  Tne  actual  TSF  for  this  engine  was 
0.23  and  the  data  for  this  test  are  contained  in  Section  6.4.  The 
engine  was  tested  at  the  following  conditions : 
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Figure  75.  Instrumented  Green-Run  Exhaust  Nozzl 
(T  Rakes  Not  Shown) . 
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Altitude  ■  Phoenix 

Mach  number  ■  0.85 

Total  inlet  temperature  =  50  *F 

Fuel  flow  ■  930  pph 

5. 7. 1.2  Acceptance  Test 

The  acceptance  test  was  conducted  in  accordance  with  ATP- 80 30, 
Rev.  6,  on  April  6,  1973.  The  engine,  installed  in  the  Altitude  and 
Cold  Chamber  No.  2  (see  Figures  68,  70,  and  71)  completed  a  Phoenix 
altitude  windmill  start,  and  the  control  was  set  to  provide  specifi¬ 
cation  thrust.  After  setting  the  control,  a  10-percent  inlet  dis¬ 
tortion  screen  was  installed  in  the  engine  inlet  and  a  20,000-feet- 
altitude  cartridge  start  was  made.  The  run  time  during  the  acceptance 
test  was  4.4  minutes. 

The  net  thrust  produced  exceeded  the  minimum  thrust  required. 

The  corrected  engine  performance  data  and  log  sheet  for  the  test  are 
contained  in  Section  6.4.  Two  separate  automatic  recordings  (Sanborn 
traces)  were  made  of  the  required  parameters;  they  are  identified  as 
Traces  No.  1  and  2,  and  are  also  contained  in  Section  6.4. 

5. 7. 1.3  Low-Temperature  Soak 

Following  completion  of  the  acceptance  test,  the  engine  remained 
in  the  altitude  and  cold  chamber,  and  was  subjected  to  a  10-hour  cold 
soak  in  accordance  with  QT-8090A.  The  chamber  ambient  temperature  was 
reduced  until  the  engine  skin  temperature  on  the  plenum  indicated 
minus  65°F,  the  starting  point  for  the  10-hour  soak.  A  data  sheet  for 
the  low-temperature  soak  is  contained  in  Section  6.4. 

At  the  end  of  the  soak  period,  a  check  was  made  of  the  printout 
from  the  digital  computer,  and  data  point  Pfc^  was  found  to  be  inoper¬ 
ative.  It  was  found  that  due  to  the  extreme  cold  temperature,  the 
data  point  selector  (laboratory  equipment)  had  malfunctioned.  Conse¬ 
quently,  was  manually  recorded  during  the  remainder  of  IFRT  No.  1 
tests . 
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5. 7. 1.4  Altitude  Start 


Following  completion  of  the  10-hour  minus  65°F  soak,  the  engine 
was  cartridge-started  at  a  simulated  altitude  of  20,000  feet  (cold 
day)  Mach  0.38,  with  inlet  distortion.  The  start  was  successful,  and 
the  engine  was  run  for  1  minute  at  the  start  condition  (Condition  No. 
1) .  During  this  condition,  the  required  data  scan  was  made?  and  the 
recording  traces,  identified  as  trace  No.  1  and  No.  2  for  IFRT  No.  1, 
are  contained  in  Section  6.4. 

Prior  to  the  successful  altitude  start  reported  above,  two  un¬ 
successful  starts  were  attempted.  The  first  attempt  was  unsuccessful 
due  to  the  pyro-flare  igniter  not  operating  because  of  miswiring  in 
the  electrical  connector.  The  second  unsuccessful  attempt  was  caused 
by  an  insufficient  burn  of  the  starter  squib.  The  squib  came  from  a 
new  purchase  lot  of  squibs,  in  which  many  were  found  to  be  defective. 
Details  of  the  correction  of  these  problems  are  presented  in  Paragraph 
5.8.2. 


The  minus  65  °F  ambient  temperature  was  maintained  in  the  chamber 
during  the  igniter  or  squib  replacements,  to  prevent  disruption  of 
the  cold-soak  effect. 

5. 7. 1.5  Inlet  Distortion  Operation 

During  the  altitude  start  of  the  acceptance  test  and  for  all  IFRT 
No.  1  tests,  a  blockage  screen  was  installed  in  the  duct  upstream  of 
the  engine  inlet.  This  screen,  as  shown  in  Figure  76,  produced  a  one- 
per-revolution  180-degree  inlet  air-pressure  distortion  pattern.  The 
circumferential  distortion  index  (CDI)  measured  during  design-point 
operation  was  12.4  percent.  Detailed  information  on  this  screen  is 
presented  in  Paragraph  5.8.1. 
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Figure  76.  Inlet  Distortion  Screen. 

After  running  at  20,000  feet,  Mach  0.38,  and  minus  34° F  total 
inlet  temperature  for  1  minute,  the  engine  was  transitioned  into 
Condition  No.  2  by  first  increasing  the  inlet  total  temperature  to 
plus  21®F,  and  then  increasing  the  ram  AP  to  achieve  a  simulated  Mach 
number  of  0.90  while  maintaining  20,000  feet.  The  engine  was  run  at 
this  condition  for  1  minute.  The  engine  was  then  transitioned  into 
Condition  No.  3  in  steps  as  follows: 

(a)  Inlet  total  temperature  increased  to  110 °F 

(b)  Ram  AP  increased  to  17  inches  Hg 

(c)  Altitude  reduced  to  Phoenix 

(d)  Ram  AP  final  increase  to  23.5  inches  Hg  (Mach  0.90) 

(e)  Inlet  total  temperature  final  increase  to  179 °F 

The  engine  was  run  at  Phoenix  altitude,  Mach  0.90,  and  179°F 
total  inlet  temperature  (Condition  3)  for  at  least  1  minute. 


mp-simo 
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The  IFRT  test3  demonstrated  the  ability  of  the  engine  to  start 
and  operate  satisfactorily  with  inlet  distortion  in  excess  of  the 
model  specification  requirement  of  10-percent  CDI. 

5.7. 1.6  Design-Point  Operation 

The  engine  was  again  transitioned  in  two  steps  to  the  design 
point  (Condition  4,  tropical  day,  Mach  0.85  at  sea  level).  The  inlet 
total  temperature  was  reduced  to  169°F,  and  then  the  ram  AP  was 
reduced  to  20.7  inches  Hg.  The  engine  was  run  at  this  condition  until 
it  was  shut  down  due  to  a  change  in  the  engine  thrust  bearing  temper¬ 
ature.  The  engine  accumulated  a  total  run  time  of  20.5  minutes,  with 
the  performance  and  vibration  levels  being  satisfactory  throughout 
the  test. 

The  engine  thrust  bearing  temperature  slope  is  presented  in 
detail  in  Paragraph  5.8.3  herein.  The  vibration  survey  conducted 
during  the  test  is  presented  in  detail  in  Paragraph  5.7.3.  The  cor¬ 
rected  engine  design-point  performance  data  and  log  sheet  for  the 
test  are  contained  in  Section  6.4.  The  automatic  recordings  (Sanborn 
traces)  were  reduced  for  inclusion  in  this  report  and  are  contained 
in  Section  6.4. 

5. 7. 1.7  Disassembly  and  Inspection 

IFRT  Engine  No.  1  was  disassembled  on  April  9,  1973.  The  dis¬ 
assembly  was  witnessed  by  AiResearch  Quality  Control  and  NASC 
representatives.  Each  part  was  visually  inspected  and  the  critical 
parts  received  a  magnetic-particle  or  fluorescent-penetrant  inspec¬ 
tion.  In  addition,  the  critical  parts  were  dimensionally  checked  and 
the  dimensions  were  recorded  in  the  "AFTER"  column  on  the  Quality 
Control  Reinspection  Record  cards.  These  cards  and  the  teardown 
deficiency  write-up  data  sheet  are  contained  in  Section  6.3. 
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The  ball  thrust  bearing  had  experienced  distress  and  all  of  the 
sixteen  balls  showed  evidence  of  metal  spalling  and  melting  due  to  the 
high  temperatures  generated.  Melted  ball  material  was  deposited  on 
the  bearing  races  and  on  the  adjacent  end  of  the  alternator.  This 
condition  is  shown  in  Figure  77-A,-B,  and  -C,  and  Figure  78-A. 

A  portion  of  the  graphite- filled  epoxy  abradable  coating  on  the 
compressor  rotor  behind  the  third-stage  blades  was  missing,  as  shown 
in  Figure  78-B.  This  condition  has  commonly  been  seen  on  development 
engines  and  is  considered  acceptable  after  this  endurance  time. 

with  the  exception  of  a  minor  rub  of  the  first-stage  compressor 
blade  tips  as  shown  in  Figure  79-B,  the  balance  of  the  hardware  was 
in  excellent  condition,  as  shown  in  Figures  77-D;  78-C,-D;  79-A,-C, 

-D?  and  80  through  84.  The  effective  area  of  the  combustor/nozzle 
assembly  was  determined  by  a  flow  test  to  be  12.14  square  inches. 

This  area  is  an  increase  of  1  percent  over  the  12.01  square  inches 
measured  before  assembly  and  test  of  the  engine.  This  variation  is 
within  acceptable  limits. 

Control  system  components  were  examined  and  tested  on  the  bench 
following  engine  teardown,  and  the  test  points  were  within  the  required 
limits.  Figure  85  shows  the  pre-  and  post-test  calibration  of  the 
Fuel  Metering  Assembly  Part  3740425-1,  and  Figure  86  shows  the  pre- 
and  post-test  calibration  of  the  Pressure  Control  Valve  Part  3740427. 
The  wiring  harness  assembly  also  checked  satisfactorily  following  the 
test.  Data  sheets  of  the  pre-  and  post-test  checks  of  these  conpon- 
ents  are  contained  in  Section  6.4. 

5.7.2  IFRT  Engine  No.  2 

5. 7.2.1  Green  Run 

Prior  to  the  acceptance  test,  the  engine  was  assembled  with  the 
improved  diffuser-combustor  assembly  (see  Paragraph  4.9)  and  subjected 


137 


A.  BALL  BEARING  PART  3740290-1 
SERIAL  NO.  3-106 


B.  BALL  BEARING  PART  3740290-1 
SERIAL  NO.  3-106 


C.  BALL  BEARING  PART  3740290-1  D.  ROLLER  BEARING  PART  358723-2 
SERIAL  NO.  3-106  SERIAL  NO.  2708 

Figure  77.  IFRT  Engine  No.  1,  Condition  of  Parts  after  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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MP-17697 


A. 


MIDFRAME  AND  ALTERNATOR 


B. 


COMPRESSOR  ROTOR  PART  3740393-1 
SERIAL  NO.  AC-17 


C.  COMPRESSOR  ROTOR  PART  3740393-1  D.  COMPRESSOR  ROTOR  PART  3740393-1 
SERIAL  NO.  AC-17  SERIAL  NO.  AC-17 

Figure  78.  IFRT  Engine  No.  1,  Condition  of  Parts  After  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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MP- 37692 


A.  COMPRESSOR  STATC-R  PART  374  02  70-2 
SERIAL  NO.  72X150 


B.  COMPRESSOR  STATOR  PART  3740270-2 
SERIAL  NO.  72X150 


C.  COMBUSTOR  AND  NOZZLE  PART 
3740292-3,  SERIAL  NO  ]479 


D.  COMBUSTOR  AND  NOZZLE  PART 
3740292-3,  SERIAL  NO.  1479 


Figure  79.  IFRT  Engine  No.  1,  Condition  of  Parts  After  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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A.  COMBUSTOR  AND  NOZZLE  PART  B.  TURBINE  ROTOR  PART  3740283-3 

3740292-3,  SERIAL  NO.  1479  SERIAL  NO.  958 


C. 


TURBINE  ROTOR  AND  SHAFT  PART 
3740283,  SERIAL  NO.  958 


D.  SPUR  GEAR  PART  3740394-1 
SERIAL  NO.  3 


Figure  80.  IFRT  Engine  No.  1,  Cjndition  of  Parts  after  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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MP  17694 


C.  ALTERNATOR  PART  2045042-1-1  D.  ALTERNATOR  PART  2045042-1-1 

SERIAL  NO.  102-147  SERIAL  NO.  102-147 

Figure  81.  IFRT  Engine  No.  1,  Condition  of  Parts  After  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 


A.  MIDFRAME  PART  3740387-3 
SERIAL  NO.  72X126 


B.  MIDFRAME  PART  3740387-3 
SERIAL  NO.  72X126 


A.  REAR  BEARING  SUPPORT  PART 

3740409-1,  SERIAL  NO.  72X126 


C.  STARTER  PART  3505055-4 


B.  FRONT  BEARING  SUPPORT  PART 
3740408-1,  SERIAL  NO.  72X126 


D.  EXHAUST  NOZZLE  PART 
3500205-1 


Figure  82.  IFRT  Engine  No.  1,  Condition  of  Parts  after  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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A.  FUEL  CONTROL  SYSTEM 


B.  POWER  CONDITIONER  PART  3740463-1 
SERIAL  NO.  22-119 


C.  RELIEF  VALVE  PART  771-612-9301 
SERIAL  NO.  6 


D.  PYROTECHNIC  IGNITER  PART 
3740403-1 


Figure  83.  IFRT  Engine  No.  1  Condition  of  Parts  after  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  1973. 
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A.  OIL  SLINGER  PART  3740381-1 
SERIAL  NO.  3 


B.  RESILIENT  MOUNT  PART 
3740254-1,  SERIAL  NO.  3 


Figure  84.  IFRT  Engine  No.  1,  Condition  of  Parts  after  20  Minutes 
Endurance  Run  Time.  Test  Dates:  April  6  and  7,  19  73. 


FUEL  FLOW  -  PPH 


0  20  40  60  80  100  120 

FUEL  CONTROL  PRESSURE  (Px)  -  PS  I A 
o  =  PRETEST  (3-29-73)  □=  POST-TEST  (4-9-73) 


Figure  85.  Calibration  Results  of  the  Fuel  Control  Assembly 

Part  3740425-1,  Serial  No.  2274-3  (IFRT  Engine  No.  1)  . 
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CONTROL  PRESSURE  (Pv)  -  PSIA 


O “  PRETEST  (2-12-73)  POST-TEST  (4-9-73) 


Figure  86.  Calibration  Results  of  the  Pressure  Control  Valve 
Part  3740427-1 ,  Serial  No.  009  (IFRT  Engine  No.l). 
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to  a  green  run.  The  test  was  conducted  on  the  engine  test  stand  with 
a  special  exhaust  nozzle  equipped  with  99  thermocouples  to  measure  Tt5 
(see  Figure  75) .  The  purpose  of  the  green  run  was  to  determine  the 
temperature  spread  factor  (TSF) .  The  limits  and  conditions  for  this 
test  are  the  same  as  for  IFRT  No.  1  green  run  (refer  to  Paragraph 
5. 7. 1.1).  The  actual  TSF  for  the  engine  was  0.23,  and  the  data  for 
this  test  are  contained  in  Section  6.4. 

5.7. 2. 2  Acceptance  Test 

The  acceptance  test  was  conducted  in  accordance  with  ATP-8030, 
Rev.  6,  on  April  1,  1973.  The  engine,  installed  in  Altitude  and 
Cold  Chamber  No.  2  (see  Figures  68,  70,  and  71)  ,  completed  a  Phoenix 
altitude  windmill  start,  and  the  control  was  set  to  provide  specifi¬ 
cation  thrust.  After  setting  the  control,  a  20,000-feet  Mach  0.60 
altitude  cartridge  start  was  made.  The  run  time  during  acceptance 
test  was  4  minutes. 

The  net  thrust  produced  exceeded  the  minimum  thrust  required. 

The  corrected  engine  performance  data  and  log  sheet  for  the  test  are 
contained  in  Section  6.4.  Two  separate  automatic  recordings  (Sanborn 
traces)  were  made  of  the  required  parameters,  and  are  also  contained 
in  Section  6.4. 

Prior  to  the  above-described  acceptance  test,  an  earlier  accep¬ 
tance  test  was  run  on  the  engine.  During  inspection  of  the  engine 
after  completing  the  run  (4  minutes  in  duration)  the  turbine  blades 
were  found  to  have  foreign  object  damage.  Investigation  of  the  engine 
and  test  stand  ducting  revealed  no  loose  items  or  foreign  objects  in 
the  system.  The  conclusion  was  that  there  was  possible  contamination 
in  the  processed  air  supplied  to  the  engine  inlet.  The  damaged  com¬ 
ponents  were  replaced  prior  to  the  successful  acceptance  test. 
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5. 7.2. 3  Handling  and  Maneuver  Loads  Teat 


Following  completion  of  the  acceptance  test,  the  engine  was 
transferred  to  the  AiResearch  San  Tan  Facility  for  the  handling  and 
maneuver  loads  test.  The  engine  was  mounted  on  the  centrifuge 
fixture  at  a  162-inch  radius  of  rotation,  with  the  front  of  the 
engine  pointed  inboard,  representing  the  X-axis.  With  the  engine  in 
a  non-operating  condition,  the  centrifuge  was  rotated  at  61  to  65  rpm 
for  15  seconds.  This  rotational  speed,  with  the  engine  at  the  162-inch 
radius,  produced  a  17.5-g  load.  A  photograph  of  the  engine  mounted  on 
the  centrifuge  in  the  X-axis  is  shown  in  Figure  87. 

The  above  procedure  was  repeated  with  the  engine  positioned  in 
the  Y-axis  and  the  Z-axis.  For  the  Y-axis  the  engine  was  positioned 
with  the  top  inboard  and  the  inlet  90  degrees  to  the  centrifuge  arm. 

For  the  Z-axis  the  engine  was  positioned  with  the  left  side  outboard 
and  the  inlet  90  degrees  to  the  centrifuge  arm.  Photographs  of  the 
engine  on  the  centrifuge  in  the  Y-axis  and  the  Z-axis  are  presented 
in  Figures  88  and  89. 

Following  completion  of  the  test,  the  engine  was  removed  from  the 
centrifuge  for  a  visual  examination.  This  examination  revealed  no 
evidence  of  damage  as  a  result  of  the  test.  The  engine  was  then 
transferred  to  the  Large  Altitude  and  Cold  Chamber  No.  2  for  the 
high-temperature  test. 

5. 7. 2. 4  High-Temperature  Soak 

With  the  engine  installed  in  the  test  chamber,  it  was  subjected 
to  a  10-hour  high- temperature  soak  in  accordance  with  QT-8090A.  The 
chamber  ambient  temperature  was  increased  until  the  engine  skin 
temperature  as  measured  on  the  plenum  indicated  160°F.  The  10-hour 
soak  was  started  from  this  point.  A  data  sheet  for  the  high- 
temperature  soak  is  contained  in  Section  6.4. 
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Figure  87.  Engine  Mounted  on  the  Centrifuge  in 
the  X-Axis. 
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Figure  88.  Engine  Mounted  on  the  Centrifuge 
in  the  Y-Axis. 


Ml'  17*  Ml 
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Figure  89  •  Engine  Mounted  on  the  Centrifuge 
in  the  Z-Axis. 
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5. 7. 2. 5  Altitude  Start 

Following  completion  of  the  10-hour  160' F  soak,  the  engine  was 
cartridge-started  at  a  simulated  altitude  of  20,000  feet  (hot  day), 
Mach  0.60,  with  no  inlet  distortion.  The  start  was  successful,  and 
the  engine  was  run  for  1  minute  at  the  start  condition  (Condition 
No.  5)  .  The  required  data  scans  were  made,  and  the  recording  Traces 
No.  1  and  2  for  IFRT  No.  2  are  contained  in  Section  6.4. 

With  the  engine  running  at  Condition  No.  5,  it  was  transitioned 
into  its  design  point  (Condition  4,  tropical  day,  Mach  0.85  at  sea 
level)  in  the  following  steps: 

(a)  Ram  AP  increased  to  9.5  inches  Hg.  (Mach  0.90.) 

(b)  Inlet  total  temperature  increased  to  110#F 

(c)  Ram  AP  increased  to  17.4  inches  Hg.  (Mach  0.85) 

(d)  Altitude  reduced  to  Phoenix  ambient 

(e)  Inlet  total  temperature  final  increase  to  169°F 


5. 7. 2. 6  Design-Point  Operation 


The  engine  was  run  at  the  design-point  until  shut  down  due  to  a 
change  in  the  engine  thrust-bearing  temperature.  The  engine  accumu¬ 
lated  a  total  run  time  of  26.2  minutes,  with  the  performance  and 
vibration  levels  being  satisfactory  throughout  the  test.  Engine  thrust 
was  3.7 percent  below  specification  requirements  during  design-point 
operation.  This  was  due  to  an  inadvertent  change  in  exhaust  nozzle 
discharge  coefficient.  A  complete  discussion  of  this  is  presented  in 
Paragraph  5.8.4. 
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The  ball  bearing  temperature  as  a  function  of  time  is  presented 
in  Paragraph  5.8.3  herein.  The  vibration  survey  conducted  during  the 
test  is  presented  in  detail  in  Paragraph  5.7.3  herein.  The  corrected 
engine  design-point  performance  data  and  log  sheet  for  the  test  are 
contained  in  Section  6.4.  The  automatic  recordings  (Sanborn  traces) 
were  reduced  for  inclusion  in  this  report  and  are  contained  in 
Section  6.4. 

5. 7.2. 7  Disassembly  and  Inspection 

IFRT  Engine  No.  2  was  disassembled  on  April  4,  1973.  The  dis¬ 
assembly  was  witnessed  by  AiResearch  Quality  Control  and  NASC  repre¬ 
sentatives.  Each  part  was  visually  inspected,  and  the  critical  parts 
received  a  magnetic-particle  or  fluorescent-penetrant  inspection. 

In  addition,  the  critical  parts  were  dimensionally  checked,  and  the 
dimensions  were  recorded  in  the  "AFTER"  cc  jnn  on  the  Quality  Control 
Reinspection  Record  cards.  These  cards  and  the  teardown  deficiency 
write-up  data  sheets  are  contained  in  Section  6.3. 

The  ball  thrust  bearing  had  experienced  distress  due  to  depletion 
of  the  lubricant  supply.  The  ball  elements  were  discolored  due  to 
high  temperature,  and  the  silver  plate  on  the  separator  was  worn  on 
the  outside  diameter  and  in  the  ball  pockets.  This  condition  is  shown 
in  Figure  90-D. 

The  compressor  rotor  exhibited  a  typical  loss  of  a  portion  of 
the  abradable  coating  behind  the  third  stage  blades,  as  shown  in 
Figure  91-A  and  considered  acceptable  after  this  endurance  time. 

All  other  parts  were  in  excellent  condition,  as  shown  in  Figures 
90-A,-B,-C;  91-B,-C,-D;  92;  and  93.  The  effective  area  of  the 
combustor/nozzle  assembly  (see  Figure  90-A,-B,  and  -C)  was  determined 
by  a  flow  test  to  be  12.10  square  inches.  This  is  an  increase  of 
1  percent  over  the  11.98  square  inches  measured  before  assembly  and 
test  of  the  engine.  This  variation  is  within  acceptable  limits. 
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A.  COMBUSTOR  AND  NOZZLE  PART 
3740292-3,  SERIAL  NO.  1480 


B.  COMBUSTOR  AND  NOZZLE  PART 
3740292-3,  SERIAL  NO.  1480 


*  '  s 


C.  COMBUSTOR  AND  NOZZLE  PART  D.  THRUST  BEARING  AND  SUPPORT 

3740292-3,  SERIAL  NO.  1480  PART  3740290-1,  SERIAL  NO 

3-102. 

Figure  90.  IFRT  Engine  No.  2,  Condition  of  Parts  after  26  Minutes 

Endurance  Run  Time.  Test  Dates:  March  30-April  4,  1973. 
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A.  COMPRESSOR  ROTOR  PART  3740  39  3-1  B. 
SERIAL  NO.  AC-23 


COMPRESSOR  STATOR  PART  3740270-2 
SERIAL  NO.  72X142 


C.  TURBINE  ROTOR  PART  3740283-3  D.  MIDFRAME  PART  3740387-3 

SERIAL  NO.  2646  SERIAL  NO.  72X113 

Figure  91.  IFRT  Engine  No.  2,  Condition  of  Parts  after  26  Minutes 

Endurance  Run  Time.  Test  Dates:  March  30-April  4,  1973. 
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C.  STARTER  PART  3505055-4 

Figure  92.  IFRT  Engine  No.  2,  Condition  of  Parts  after  26  Minutes 

Endurance  Run  Time.  Test  Dates:  March  30-April  4,  1973. 
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A.  ROLLER  BEARING  B.  FUEL-CONTROL  DRIVE  GEAR 


C.  FORWARD  BEARING  CARRIER 

Figure  93.  IFRT  Engine  No.  2,  Condition  of  Parts  After  26  Minutes 
Endurance  Run  Time.  Test  Sales:  March  30-April  4,  1973. 
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Control  system  components  were  examined  and  tested  on  the  bench 
following  engine  teardown,  and  the  test  points  were  within  the  re¬ 
quired  limits.  Figure  94  shows  the  pre-  and  post- test  calibration 
of  the  Fuel  Metering  Assembly  Part  3740425-1 ,  and  Figure  95  shows  the 
pre-  and  post- test  calibration  of  the  Pressure  Control  Valve  Part 
3740427.  The  wiring  harness  assembly  also  checked  satisfactorily 
following  the  test.  Data  sheets  of  the  pre-  and  post-test  checks  of 
the  control-system  components  are  contained  In  Section  6.4. 

5.7.3  Vibration  Survey 

A  vibration  survey  was  conducted  on  each  engine  during  the  Initial 
flight  rating  tests.  The  survey  demonstrated  compliance  with  the  re¬ 
quirements  that  the  compressor  and  turbine  system  be  free  from  destruc¬ 
tive  vibration  throughout  the  complete  operating  range  of  the  engine. 
The  vibrational  characteristics  of  the  compressor  and  turbine  system 
are  such  that  no  fatigue  cracks  were  present  during  the  post-IFRT 
inspection. 

Vibration  was  measured  at  the  vibration  sensor  mounting  point 
designated  in  the  engine  specification.  The  amplitudes  of  vibration 
as  a  function  of  time  are  shown  in  the  automatic  recording  (Sanborn 
traces)  Trace  No.  1  for  each  engine ,  and  are  contained  in  Section  6.4. 
The  vibration  displacement  units  are  in  mils  (1  mil  -  0.001  inch 
double  amplitude) .  The  characteristics  of  this  vibration  were  further 
investigated  through  the  use  of  a  frequency  analyzer.  The  vibration 
signal  was  reduced  to  show  the  major  frequency  co  ponents  that  were 
present ,  as  shown  in  Figures  96  and  97  for  IFRT  No.  1  and  i.i  Figures 
98  and  99  for  IFRT  No.  2.  The  vertical  scale  is  in  mils,  mid  the 
horizontal  is  frequency  in  cycles  per  second  (Hertz) . 

For  both  tests,  the  major  vibratory  frequency  was  at  shaft 
speed.  During  IFRT  No.  1,  a  subsynch rono us  frequency  appeared  at 
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FUEL  FLOW  -  PPH 


i 

i 


0  20  40  60  80  100  120 

FUEL  CONTROL  PRESSURE  (Px)  -  PSIA 

o  =  PRETEST  (3-28-73)  □=  POST-TEST  (4-5-73) 


Figure 


Calibration  Results  of  the  Fuel  Metering  Assembly 
Part  3740425-1 ,  Serial  No.  2274-3  (IFRT  Engine  No.  2) 


0=  PRETEST  (3-27-73  □=  POST-TEST  (4-5-73) 

Figure  95.  Calibration  Results  of  the  Pressure  Control  Valve 
Part  3740427-1,  Serial  No.  Oil  (IFRT  Engine  No.  2). 


161 


PRE-TEST  SIGNAL  NOISE 
ENGINE  SPEED  =  0  RPM 


-  3.0 


1000 

20,000  FT.  ,  MACIl  0.00,  +  21°F  INLET 
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DOUBLE  AMPLITUDE 


HURIZONTA, 
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Figure  96.  Vibration 
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Figure  97.  Vibrati^-  Survey  IFRT  No.  1. 


Ml'*  177*.S 


163 


ENGINE  SPEED  =  35,000  RPM  ENGINE  SPEED  -  35,000  RPM 

VERTICAL 

DOUBLE  AMPLITUDE  -  0.5  MILS/CM 
HORIZONTAL 

FREQUENCY  -  100  HZ/CM 


Figure  98.  Vibration  Survey  IFRT  No.  2. 
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20  MINUTES  RUN  TIME  25  Mi:.  ;Ti-.S  RUN  TIME 
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INLLT  TOTAL 
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Figure  99.  Vibration  Survey  IFRT  NO.  2. 


Reproduced  from 
best  available  copy. 
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approximately  two-thirds  of  shaft  speed.  During  IFRT  No.  2,  there 
were  no  significant  frequencies  other  than  shaft  speed. 

5.8  Supplemental  IFRT  Data 

5.8.1  Circumferential  Distortion  Index  (CPI) 

The  blockage  screen  used  to  produce  the  inlet  air  total  pressure 
distortion  pattern  for  testing  of  IFRT  engine  No.  1  is  a  semicircular 
screen  made  of  0.012-inch-diameter  wire  spaced  24  wires  per  inch  in 
a  square  mesh  (see  Figure  75)  .  This  screen  was  installed  between  the 
cell  inlet  plenum  and  the  transition  duct  ahead  of  the  engine  inlet. 

The  distortion  pattern  produced  by  the  screen  was  measured 
during  the  test,  by  means  of  eight  5-element  total  pressure  rakes 
installed  in  the  transition  duct  at  a  plane  5  inches  ahead  of  the 
leading  edge  of  the  first-stage  compressor  vanes.  The  rakes  were 
circumferentially  equally  spaced.  The  five  pressure  probes  on  each 
rake  were  radially  located  so  that  each  probe  was  centered  in  one  of 
the  five  equel-area  rings.  The  method  of  calculating  the  CDI  from 
the  total  pressure  measurements  is  shown  in  Figure  100.  The  CDI 
measured  during  design-point  operation  was  12.4  percent.  The  computer 
output  for  the  CDI  calculations  is  shown  in  Figure  101. 

5.8.2  Non-Operation  of  Ignitors 

The  initial  altitude  start  attempt  on  IFRT  Engine  No.  1,  was  not 
successful  due  to  human  error.  Although  the  engine  was  accelerated 
properly  by  the  cartridge  starter,  the  pyroflare  ignitor  did  not 
operate.  The  source  of  the  problem  was  determined  to  be  miswiring 
of  the  pyroflare  ignitor  to  an  electrical  connector.  The  ignitor 
was  miswired  in  such  a  manner  that  each  of  the  bridgewires  was  short 
circuited  to  one  pin  of  the  connector. 


166 


LAYOUT  OF  40  EQUAL  AREA 
PRESSURE  MEASUREMENTS 


CDI 

RDI 


Where:  A.  ■  Continuous  portion  of  A.  wherein  the  measured  total  pressures  are 

less  than  PTR(avg) 

Ar  -  Annulus  area  of  ring  at  distortion  measurement  plane 

PT  (avg)  "  Av*r*9a  total  pressure  at  the  distortion  measurement  plans  (all  rings) 

PTR(avg)  "  Average  total  pressure  of  ring  under  consideration 

PTR(max)  *  Highest  total  pressure  in  ring  under  consideration 

PTR(min)  “  Lowest  total  pressure  in  ring  under  consideration 

PTR(low)  *  Area  wei9ht*d  average  total  pressure  in  A^  of  ring  under  consideration 


PTR(max)  “  Maximum  PTR(avg)  tor  aU  rin*a 
FTR(min)  -  Minimum  PTR(avg)  for  a11  rin9> 


■  Shape  factor  ■ 


~*TR  (avg) 
TR(avg) 


^TR (low) 
PTR(min) 


Figure  100.  Numerical  Procedure  for  Calculating  Circumferential 
and  Radial  Distortion  Indices  (CDI  and  RDI) . 
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Figure  101.  Computer  Output  Data  for  CD1  Calculations  for  IFRT  No 
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A  second  start  attempt  was  aborted  when  the  starter  grain  did 
not  ignite.  Examination  of  the  starter  and  its  ignitor  showed  that 
the  ignitor  had  fired,  but  with  insufficient  intensity  to  penetrate 
the  foil  covering  over  the  starter  cartridge.  The  defective  ignitor 
was  from  a  new  lot,  number  HLX-2-9.  Inspection  of  several  other 
ignitors  from  the  same  lot  revealed  poor  bonding  of  the  Mylar  seal 
over  the  end  of  the  ignitor.  The  purpose  of  the  Mylar  seal  is  to 
allow  the  burning  ignitor  to  build  up  sufficient  pressure  for  rapid 
combustion.  The  probable  cause  of  the  aborted  start  was  failure  of 
the  poorly  bonded  Mylar  disc  to  seal  properly,  resulting  in  slow 
burning  of  the  ignitor  rather  than  a  high  energy  explosion. 

A  new  ignitor  was  selected  and  installed  after  several  had  been 
rejected  by  visual  inspection.  The  start  was  then  accomplished  suc¬ 
cessfully  . 

5.8.3  Thrust  Bearing  Temperature  Slope 

During  IFRT  tests  and  preliminary  IFRT  testing,  the  engine 
thrust  bearing  temperature  was  continuously  moni cored  and  automatic¬ 
ally  recorded.  When  the  bearing  temperature  indicated  a  sudden  in¬ 
crease,  while  on  the  endurance  condition,  the  test  was  terminated  by 
an  engine  shutdown.  Figure  102  is  a  plot  of  the  thrust  bearing 
temperature  as  a  function  of  time,  showing  the  slope  of  the  tempera¬ 
ture  increase  for  IFRT  Engines  No.  1  and  2  and  preliminary  IFRT 
Engines  Serial  No.  3301  and  3302. 

5.8.4  Exhaust  Nozzle  Effective  Area  Change 

During  the  design-point  operation  portion  of  IFRT  No.  2  it  was 
noted  that  engine  thrust  was  approximately  6  percent  lower  than  the 
thrust  level  set  during  the  acceptance  test.  The  cause  of  the 
reduced  thrust  was  determined  to  be  due  to  a  difference  in  starters 
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between  that  used  in  acceptance  testing  and  the  starter  used  for  the 
IFRT.  This  resulted  in  an  effective  area  change  in  the  exhaust  thrust 
nozzle.  The  effect  was  the  same  as  setting  the  engine  speed  during 
acceptance  test  to  provide  specification  thrust  with  a  small  thrust 
nozzle,  and  then  changing  the  nozzle  for  the  IFRT  to  a  larger  size, 
without  changing  the  engine  speed  setting. 

A  post-test  investigation  revealed  that  the  ring  gear  on  the 
"dummy"  starter  used  for  acceptance  testing  had  become  dislocated 
from  its  normal  position  and  was  shifted  approximately  0.75  inch  aft. 
The  ring  gear  in  the  shifted  position  is  represented  in  Figure  103 
by  the  solidly  shaded  area.  It  was  subsequently  demonstrated,  both 
analytically  and  by  tests,  that  this  shift  was  the  cause  of  the 
difference  in  performance  between  the  acceptance  test  and  the  IFRT. 

With  use  of  the  geometric  data  from  Figure  103,  the  change  in 
discharge  coefficient  was  determined  from  the  curves  of  Figure  104 
(these  curves  were  plotted  from  model  test  data) .  It  was  analytically 
determined  that  the  ring  gear  shift  caused  a  1.2-percent  decrease  in 
the  flow  coefficient  of  the  exhaust  nozzle.  Inserting  this  new  value 
of  flow  coefficient  into  tho  engine  performance  computer  program 
resulted  in  a  calculated  change  in  thrust  of  approximately  5  percent. 
This  calculation  agreed  very  closely  with  the  performance  change  seen 
between  acceptance  test  and  IFRT. 

An  engine  test  was  performed  to  verify  the  analysis  of  the  results 
of  IFRT  engine  No.  2.  The  test  results  agreed  with  the  analytical 

predictions.  For  this  test,  a  development  engine  was  installed  in  the 
same  facility  used  for  the  IFRT.  The  tailpipe  from  the  IFRT  was  used 
with  the  facility  "dummy"  starter,  and  the  ring  gear  was  retained  by 
weldments  0.75  inch  aft  of  its  normal  position.  This  was  the  same 
"dummy"  starter  used  in  the  acceptance  test  of  IFRT  engine  No.  2.  The 
test  was  conducted  at  Phoenix  altitude  with  a  total  inlet  air  tempera¬ 
ture  of  50°F,  at  Mach  0.85,  as  agreed  to  by  NASC  representatives  in 
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Figure  103.  Ring  Gear  Shift  on  IFRT  Engine  No.  2 
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Figure  104. 


Exhaust  Nozzle-Diffuser  Interactions 
(IFRT  Engine  No.  2) . 
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Phoenix  on  April  11/  1973.  The  engine  speed  was  set  to  32/000  rpm, 
and  the  performance  data  was  recorded  by  computer. 

Following  the  test  the  engine  was  shut  down  and  the  "dummy" 
starter  was  removed.  The  cartridge  starter  from  IFRT  engine  No.  2, 
with  the  ring  gear  located  normally/  was  then  installed  on  the  engine. 
With  this  being  the  only  change  to  the  engine,  the  above-described 
test  was  repeated.  The  data  was  reduced  by  the  computer,  and  the 
results  summarized  in  Table  XVI,  showed  that  the  change  in  thrust 
noted  during  IFRT  was  caused  by  the  changes  in  starter  from  the 
acceptance  test  to  the  IFRT. 

TABLE  XVI.  EXPERIMENTAL  VERIFICATION  OF  THE  PERFORMANCE  EFFECTS 
OF  EXHAUST  NOZZLE  EFFECTIVE  AREA  CHANGE. 

TEST  CONDITIONS 


Altitude  =  Phoenix  (1050  feet) 
Inlet  total  temperature  ■  50°F 

Engine  speed  =  32,000  rpm 


Analytical  Predicts 

.on 

Test 

Results 

Ring  Gear 
Aft 

Ring  Gear 
Normal 

A 

Ring  Gear 
Aft 

Ring  Gear 
Normal 

A 

F  ,  lb 
n 

547 

520 

5% 

552 

519 

6% 

Wf,  lb/hr 

807 

767 

5% 

838 

794 

5% 

Calculated 

Tt7  *  °F 

1148 

1096 

52  °F 

1254 

1185 

69°F 

Calculated 

Tt4'  "P 

1427 

1375 

52  °F 

1527 

1462 

65°F 

pt7/pam 

2.84 

2.75 

0.09 

2.78 

2.70 

0.08 

CD 

0.956 

0.970 

0.014 

0.916 

0.934 

0.018 
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6.0  DOCUMENTS  AND  DATA 
6.1  Test  Item  Definition 

This  section  contains  the  assembly  traveler  and  the  parts  list 
for  each  engine.  The  item  and  page  numbers  are  as  follows: 

Item 

Assembly  traveler 
Parts  list 
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6 . 2  Facilities  and  Instrumentation 


This  section  contains  facility  photographs  and  instrumentation 
used  during  the  testing  of  both  IFRT  engines.  The  item  and  page 
numbers  are  as  follows : 


Item  Page 

Facility  photographs: 

Air  inlet  ducting  and  interior  of 

altitude  chamber  192 


Pen  recorders  and  chamber  operation 

instrumentation  193 

Engine  controls  and  instrumentation  194  -  195 

Instrumentation  196 

Test  instrumentation  and  equipment  197  -  198 

Identification  of  instrumentation  used 

during  tests  199 
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AIR  INLET  DUCTING  AND  INTERIOR  OF  ALTITUDE  CHA.M3ER 


194 


Ml**)  it.  it 


ENGINE  CONTROLS  AND  INSTRUMENTATION  (NOTE  CHAMBER  VIEW  PORT) 


ENGINE  CONTROLS  AND  INSTRUMENTATION  (NOTE 
CLOSED-CIRCUIT  TELEVISION  MONITOR) . 


(6) 


AIBCBEARCH  MANUFACTURING  COMPANY  OF  ARIZONA 


T3 

01 

TABU  Z.  ZM8TRUMSNTATZ0N  u 


H«at«r 

Number 

Parameter 

Parameter 

and 

Station 

Range 

Unite 

Computer! 

« 

8 

* 

u 

H 

K 

9 

W 

•H 

> 

•*« 

4J 

if 

n  m 

•h  e 

>  M 

001-004 

Inlet  air  temperature 

Ttl.0 

-65  -  4-200 

•F 

X 

X 

X 

X 

101-106 

Turbine  discharge 
temperature 

Tt  7.0 

0-2000 

•r 

X 

X 

X 

X 

121 

Inlet  fuel  temperature 

Tf 

0-200 

•F 

X 

X 

X 

202-205 

Bellmouth  total 
preaaure 

Ptl.2 

-15  to  +15 

paig 

X 

206-209 

Bellmouth  atatic 
preaaure 

Pal.2 

-15  to  +15 

p*ig 

X 

250 

Exhauat  atatic 
presaure 

Pa8.0 

-1  to  +1 

in  Hg 

X 

269 

Turbine  diacharge 
total  preaaure 

Pt7.0 

0-50 

paig 

X 

X 

320 

Compreaaor  diacharge 
atatic  preaaure 

Pa3.0 

0-100 

paig 

X 

X 

358 

Ram  AP 

1  Ptl.2"Pal.O 

0-10/0.50 

paid/in  Hg 

X 

X 

X 

X 

363 

Ambient  altitude 
preaaure 

PAMB 

0-30 

in.  Hg  A 

X 

X 

377 

Inlet  fuel  preaaure 

! 

0-50 

paia 

X 

X 

X 

385 

Bearing  thr  ist 
cavity  prensuve 

Pcav 

0-100 

psia 

X 

X 

386 

Seal  AP 

^SEAL 

0-100 

paia 

X 

401 

Engine  speed 

N 

0-50,000 

rpm 

X 

X 

X 

X 

403 

Engine  thrust 

fmeas 

0-800 

lbs 

X 

X 

405 

Fuel  fl'.’v. 

wf 

0-2-3.0/0-2000 

gpm/pph 

X 

X 

X 

X 

409 

Engine  v  -ration 

CVIB 

0-5 

mils 

n 

X 

X 

455 

Output  current 

A 

0-200 

amps 

X 

"x 

X 

457 

Output  voltage 

_ 

0-50 

vdc 

X 

X 

-J 

X 

X 
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TEST  Z SiSTRUMB  VFATXOM  AMD  EQUIPMENT 


lnetnuMnt  or 

Manufacturer 

Model,  Type 

Range 

Accuracy 

Maximum 

Equipment 

or  Site 

Calibration 
Perioc (Days) 

Themocouple 

Doric  Scientific 

DS-100-T3 

-0.05* 

90 

Thermometers 

Corp. 

Honeywell,  Minne¬ 
apolis,  Minn. 

Electronic 

0  -  2000°F 

is°F 

90 

Manometers 

The  Mariam 

Varioua 

0  -  100  in. 

0.1* 

90 

Znatrumant  Co, 
Cleveland,  Ohio 

Pressure 

Haiaa 

Various 

Gaugaa 

Newtown,  Conn. 

Aahcroft  Gaugaa, 

Duraqauga 

Manning,  Maxwell 

0-60  psig 

±0.25  psi 

&  Moore,  Znc, 

0  -  300  psig 

±0.25  psi 

90 

Stratford,  Conn. 

0  -  1000  psig 

±0.25* 

American  Chain  & 

Varioua 

Cable,  Helicoid 
Gage  Div, 
Bridgeport,  Conn. 

Flowmeters 

Cox  Inatrument 

Seriea  12 

4.5-26  PPH 

±1.6  PPH 

Div,  Lynch  Corp, 

26  -  140  PPH 

±2.7  PPH 

365 

Detroit,  Mich. 

130  -  800  PPH 

±5.0  PPH 

750  -  5000  PPH 

±15.0  PPH 

Fiechar  &  Porter, 

Warminster,  Pa. 

- 

40  -  180  PPH 

±0.8  PPH 

110  -  600  PPH 

±7.6  PPH 

365 

Flow  Technology 

FT-8M3-LB 

0.3  -  3.0  gpm 

±0.7* 

365 

Tempe,  Ariz. 

FT- 20-LB 

0.2  -  2.0  gpm 

+0.7* 

365 

Digital 

Anadex  Inatru- 

CF-201R 

- 

±1  count 

90 

Countara 

manta  Inc, 

Van  Nuya,  Calif. 

CF-601R 

±1  count 

90 

Vibration 

Conaolidated 

Type  1-117 

0-5  mils 

±3* 

120 

Senaing 

Electrodyn arnica 

(Amplifier) 

Syatema 

Corp.  (Trans¬ 
ducer  Div. ) , 
Monrovia,  Calif. 

Differential 

Wallace  &  Tier- 

FA14S 

Praaaura 

nan,  Znc, 

Gauga 

Belleville, N. J. 

Pen  Racordera 

Hewlett-Packard 

106 9-0 3A 

As  specified 

±3*  of  full  1 

Corp,  Palo  Alto, 

7700  Seriea 

for  parameter 

scale 

Calif. 

measured 

Sanborn 

850 

As  specified 

±3*  of  ful 

1  1 

Waltham,  Maaa. 

for  parameter 
measured 

scale  j 

197 


0 


TEST  INSTRUMENTATION  AND  EQUIPMENT 


Instrument  at 
Equipment 

Manufacturer 

Model,  Type 
or  Sise 

Range 

Accuracy 

Maximum 
Calibration 
Period (Days) 

Force 

Meesurement 

Doric  Scientific 
Corp. 

DS-100-T2 

0  -  5000  lb 

^5  lb 

90 

Thermocouples 

AiResearch 

Various 

-100  to  500°F 

500  to  1400°F 

i2°r 

±3/8* 

90 

Airflow 

Sections 

Ai Re search 

A.8.MB.  low 

beta  seriee 

- 

10.05 

lb/sac 

365 

Load  Cells. 

Interface 

Modal  1111-5K 

0  -  5000  lb 

i2.9  lb 

1 

Transducers 

Stathaa 

Viatran 

Various 

Various 

0  -  600  psig 
0-30  psig 

io.25* 

10.25* 

As  used 

As  used 

Field  Power 
Supply 

Lambda  Elec¬ 
tronic  Corp, 
Melville,  N.Y. 

LK351-FM 

0-36  vdc 
0-15  amps 

- 

Ammeter 

Weston 

Model  1 

0  -  300  amps 

±1.0* 

90 

Integrating 

Digital 

Voltmeter 

Hewlitt- Packard 

Model  2401C 

0-30  vdc 

±0.5* 

90 

Load  Bank 

AiResearch 

SK-50A-D602 

0-280  amps 
at  30  vdc 

- 

- 

Timer 

Standard 

0  -  1000  sec 

±0.01* 

180 

/ 
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IDENTIFICATION  OF  INSTRUMENTATION  USED  DURING  TESTS 


Paramo tor 

Station 

Location  in 
Test  Setup 

Typo  of  Instrument 

Serial  No. 

Expiration 

Date 

Inlot  air  tonporaturo 

Ttl.O 

Bollmouth 
Console 
Control  room 

Thermocouples 

Thermocouple  thermometer 
Recorder 

LTR401 

S/N  62 

5-1-73 

9-23-73 

Engine  exhaust 
tonporaturo 

Tt7.0 

Engine 

Console 
Control  room 

Thermocouples 

Thermocouple  thermometer 
Recorder 

LTR342 

S/N  88 

5-1-73 

4-19-73 

Inlet  fuel  temperature 

Tf 

Fuel  system 
Console 

Thermocouple 

Thermocouple  thermometer 

LTR401 

5-1-73 

Bellmouth  total 

Ptl  .2 

Bellmouth 

Console 

Pressuro  rake 

Pressure  gauge 

LG3330 

5-1-73 

Bellmouth  static 

Psl.2 

Bellmouth 

Pressuro  rake 

— 

— 

Turbine  discharge 
total  pressuro 

Pt7.0 

Engine 

Console 

Pressure  rake 

Pressure  gauge 

LGJ332 

5-1-73 

Compressor  discharge 
static  pressure 

p 

s3.0 

Engine 

Console 
Control  room 

Pressure  tap 

Pressure  gauge 

Recorder 

LG3333 

S/N  83 

5-1-73 

Ram  AP 

P  -  P 

*tl.2  s8.0 

Bellmouth  & 
engine 
Console 
Control  room 

Pressure  rake  and  taps 

Manometer 

Recorder 

LM533 

S/N  88 

5-1-73 

4-19-73 

Ambient  pressure 

P 

BAR 

Altitude 

chamber 

Console 

Pressure  tap 

Manometer 

LM533 

5-1-73 

Exhaust  static 
pressure 

p 

s8. 0 

Engine 

Console 

Pressure  tap 

Pressure  gauge 

LG3366 

7-9-73 

Engine  speed 

N 

Engine 

Console 
Control  room 

Frequency  pickup 

Digital  counter 

Re corder 

EF  232 

S/N's  62  and  88 

5-1-73 

Engine  thrust 

fmeas 

Thrust  stand 
Console 

Load  cell 

Digital  counter 

LTR347 

5-1-73 

Fuel  flow 

wf 

Fuel  system 
Console 
Altitude 
chamber 
Control  room 

Turbine  meter 

Digital  counter 

Ro tome ter s 

Recorder 

FM84 

EP34 

LR263-266 

S/N  88 

Engine  vibration 

CVIB 

Engine 

Console 
Control  room 
Control  room 

Accelerometer 

Meter 

Recorder 

Spectrum  analyzer 

VIB98 

S/N  88 

7-29-73 

Output  current 

A 

Load  bank 
Console 
Control  room 

Shunt 

Meter 

Recorder 

LA231 

S/N  62 

5-1-73 

Output  voltage 

VL 

Load  bank 
Console 
Control  room 

Voltage  taps 

Digital  voltmeter 

Recorder 

EC207 

S/N  62 

- 

5-1-73 

Run  time 

— 

Console 

Timer 

LTC49 

7-31-73 

Inlet  fuel 
pressure 

Pf- 

Altitude 
chamber 
Console 
Control  room 

Pressure  tap 

Pressure  gauge 

Recorder 

LG  3  3  3  4 

S/N  88 

5-1-73 

199 


6.3  Quality  Control  Reinspection  Records 


This  section  contains  the  Teardown  Deficiency  Write-up  and  the 
Quality  Control  Reinspection  Record  cards  for  each  engine.  The  item 
and  page  numbers  are  as  follows: 


Item 


IFRT  Engine  No. 


Page 


Teardown  deficiency  write-up  1 

Quality  control  reinspection 

record  cards  1 

Teardown  deficiency  write-up  2 

Quality  control  reinspection 

record  cards  2 


201 

202-208 

209 

210-216 


200 


AiRmird  Maailictiriac  Caapaaj  if  Mim 

CHOtNIX.  ARIZONA 

TEAR  DOWN  DEFICIENCY  WRITE-UP 


PROGRAM  y^  1^ 


CASE  NO  1-B 


REPORT  NO  71B 


A  /-/#K.r>O0  *J 


*  k?.C3ST'ON 

*  OT 


17V  6  3  00-/ 


LR  88  601 

!  r*-7~  77rs  T~ 


M£g|L  NO.  OR  NAME 

X  *•  V0I-6A-  *foo 


STARTS  TASK 

83  80  13  OVERHAUL  19  PROD  REJ 

14  REPAIR  00  OTHER 
•3  18  MODIFY 


SWS  111 


PART  NUMBER 
7-18 


Po*T  C, 


urt  rvou 


PART  NAME 

17-24 


SERIAL  NO. 
28-33 


ni  m  ru  name  cond. 

CONDITION  TWt  BIS*  CPF  CODE  CODE 

43  44  4B  48-48  49-90 


fipAi  A- 


5 


Z7Y0  V^  JL 


57 JO*  fl  -  > 


C  a/  <3A0 


io  HO  -  I 


vJ  eAitpJt. 


7-LX  -  jro 


yjik*/  I  */*>  1*6 


5c~JA<-S 


;  -/* 


(v 


AiResearcn  Monutocturing  Company  Of  Anrono 

QUALITY  CONTROL 

RFINSPECTION  RECORD 


da 


Dimension  end  Loco 'ion 


)A  A  OS9 


Bo  for*  After 


Romork 


1 13 : . 

I ■Lflig Wfu\ ftlff  '3 

I  I  JF7T>  m 

r.VTny.sHMfl 


Inspection  Before 


Oat  e  Quality  Control 

Date  Engineering 


►/> 


AiReseorch  Manufacturing  Company  of  Artfono  PART  NUMBER  V /V  '  >-/  C/L/  * 

QUALITY  CONTROL  PART  NAMF  Air""' 

REINSPECTION  RECORD  Jr  ' -■/  - - 


Next  A 


Dimension  and  Lccstion 


cat 


£>/A  6 .2/3 


M  6>.S(o / 


D/* i 

&.G37 

DM 

Ush'ir.iH't*  szal 

DM  Bo 


±  A  .Ooot  T'"%< 


B  P  Before  |  After 


WSBEB&Z* 


Remark 


j^wi 


IHnSHi 


V.  .  *yf)  r* 


Inspection  Before 


Quality  Coot 
Engineering 


2 


203 


ttEINSPECTION  RECORD 


/947-/.91U 


ore*  Marv^octjnrvj  Compo n>  0 «  A/ cone 

OUAUTY  CONTROL 

REINSPECTION  RECORO 


Oimtni.oo  ond  LOC4li«n 


f  S'g' 


■  —  **  *i  i  i-  -r—r 

‘  '  . . .  11/itY.I 


|  •  ^ii  >  n  f'  i.  •<  .1.  hi  foi  \  'I. /  ■  i  i  ii/m-j 

:  clSiJ  i .  .•  •••  .'l  l :  i 
i  i  *  ■  i i  i'n ;  I,.  '  .  , 

*  -•  *  / 1  *  hi  »  /V,v 

'  6.  ,»M**,*««*  •  'Mi'i  •  O  I  f  I  I 


.  ..:i 

V!  •  r.”Mi 

J7< 

* »  » i 

Jte' 

J-/< 

. .  i  \ 

i  ■» 

;  ii 

!  '  !'•  i 

n* 

to* 

••  £2/ 

* 

f  !**»•  ifk 


6)7 


;  Ce*)r*cr  I 

SefatontfRiorCi&e  ’  u.cS3 

faubaarCuA twee  .  ;,¥& 

BflltSiif  Wwori  •  ..-',***  ‘POctiC 

Ax hlCum.  T£&£Lo  _  :,<Bo/Mr 


Ui : . 

.LiL... 

*  1 1 


i  0 


.  -  L 


—  - - 


.1L_. _ _ _ ..  .. 

Imp'.ciio'i  X'aI’/c  J..OQUD&^A»:«  '  :n,i, 
AT  or* - - — - — ....  Pj<(  _...  I  r.ntr -v»no 


Ailif  hi  h  t/onn!  irtur nvj  C.omjiuny  of  Aruona 

QUALITY  CONTROL 

RE'NSPECTION  RECORD 


PART  NUMBEI.  3507A 7-flL C/Lv^ 

PART  NAME  ^M/l^tjJ-Cr^—^71 _ 


tea 

Dimension  ond  Location 

0  p  .""" 

1  r  i.m  n 

QO/Z. 

i_aoa& 

Before 

After 

— ^ - 

Remark 

i 

D/A/nEr/fAL  CLC. 

,cu  II- 

iL)0l\ 

2 

r/pnAo,Aj&L_ 

.,!> P/h 

.  0007 

<-c  t  b 

,6ol  1 

3 

Rou  til-Ht/S _ 

^85 

■y-v,r 

.17 $5 

4 

&  v*',;  ''^^SwHP59B 

JJmt 

/.  K74i 

) 

/j  :></£s 

/  *7* 

5 

^  G/7  or  S'vsvs/tAhcz 

6POZ 

rfCO't 

mm 

6 

T2 //)m£rr,£ 

/f-/5V 

■BH 

7 

/D/roiemt  fttrr  e/e  fintt 

2,47/L 
7-39  T 

;■  <•/<"  / 

§m 

G 

/•//o' or  Z.W-ZZTl 

11 

±_OOrQ 

.Ci’ ./ 

1I11I1JI 

9 

//  H  op  ?.  4z/’Z'in 

IS 

,(<PCY>\ 

fll 

L\ 

m 

4m) 

Ins  faction  Before  i 
After. 


Ooolity  Conti 
F  ngineering 


Ot  _ 

.  tvt<rl_  t*Hw 


aiia|  .  —  »"*•••  -  -•**—  I HART  NUMBER  3 740270 "2  r/|  /r 

#UWK®ECT«5N  RECORD  IpaRT  NAME  Stator  assrhbiy 


irriTT 

la 


lA'imiii'.'PP 


Dimonnon  and  Location 


ICQ  .  2 


rr»>  »v/  .-I 


OIA. 

D6 

CIA. 

E9 

DIA. 

E8 

OXA. 

EB 

DIA. 

D7 

DXA. 

D7 

DIA.  * 

D7 

OIA. 

D7 

DIA. 

Cll 

DIA. 

CU 

N  pact  ton  Bator*. 

Attar  _ 


•afar* 

[  After 

f.  Itoc 

HQ 

f.7»<> 

K mum 

rxPTi 

mill 

imm— <—i 
— WWTut  mWT*  \ 

MVHM 

Kamnii 


Quality  Control. 
Engineering  __ 


AiRascarch  Manufacturing  Company  of  Ariiona  IPART  NUMBFR  3740270  .C/I - 


QUALITY  CONTROL 

REINSPECTION  RECORD 


L'Mii.im.™ 


PART  NAME 


ai 

>m*n»ion  and  Location 

i 

DIA. 

BIO 

2 

DIA. 

BIO 

3 

DIA. 

BIO 

4 

DIA. 

BIO 

9 

DIA. 

BIO 

6 

DIA. 

U10 

Bafara  I  Attar 


■MMlI 

mu 

IHiTYfl 


Impaction  Bator* 


m 


Data U£zZ2  Quality  Control 


[tra 


AiKeVtncii  Morufi'tiirm.)  Comfnjny  of  Arizona 


PART  NUMB 
PA.RT  NAME 


QUALITY  CONTROL' 

REINSPECTION  RECORD 

-,-X/L - fmi 

WO.  |Oirr»f»5ion  ond  l  e  eat  ion 


Rework 


/  /  A w 


kr,v>;f<co  Ik’t'jrf 


/fr4-C/L 


Aihcstoich  Monufor.turmg  Compony  of  Arizona 

QUALITY  CONTROL 

RUNUPT  CTION  RECORD 


PART  l.'UMiJEK 
PART  NA.YE  . 


Dimension  ond  Locotion 

B  P  fifiM  Defers  1  After 

Rework 

208 


-*  -/y*/  ‘i 


M4IM 


CASE  NO  1.9. 


jUtfffird  it'  i  >  |} 

RMOfNIX.  ARIZONA 


TEAR  DOWN  DEFICIENCY  WRITE-UP 


REPORT  NO.  7-tB _ 

j^oy-y/aef/9 
c.s  wm6.  mb 
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OVERHAUL  ENGINEERING 
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Aim*  .nirvh  M.iiH't.u  uv;  Cor»*y>.*y  of  An»*cno 

QUALITY  CONTROL 

REINSPECTION  RECORD  • 


PA R T  N SJWOER -3 7403931 L C/L  ill 

PART  NAME  Rqto/h  /A S.xCMflLy _ 

£am/2/«ii5 


NO. 

Dimension  and  Location 

^p“; 

reform 

Alter 

Renarr. 

1 

D/a  e.4 s; 

UMR 

2 

DM  8. 35/ 

m 

BSScl 

K 

3 

D/a  P.g?r 

MB 

B 

a 

a 

umi 

m 

jpgl 

mm 

I6 

i 

■'rot^ 

a 

HIH 

rar* 

KSBBfe 

SIRS 

HMI 

a 
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N 

9 

£ 

\ 
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10 
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mm 
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After  _ 


-Do'c _ Quolity  Contpl 

-Date _ E.r,’inecriof]  ^ 


Da! 

le-2.-JE2JL 


Aiftcitorch  Manufacturin'}  Company  of  Artrono 

QUALITY  CONTROL 

REINSPECTION  RECORD 


M?x*  A:  ^prrbly -%/  1 


-C/l 


PART  NUMBER  1 1\  OJ  0 3 ±  _  C/L/£<L 
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to 
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-Date  y~ ^  Engineering] 
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Inspection  Bctore 
After . 


fe/nr; 


-Dole-T-J7--?.! 
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lejcnrch  f/ionnfo  luring  Company  of  Arirono 

JALITY  CONTFJOL. 

REINSPECTION  RECORD 

{part  mu:-’.!/  '  c/lC-L. 

r.AUT  name  ....Latiiiujjs. 

1  yjJJl.-!4U. 

[NflMt  A*.trmfc»7  .  ___X/L  Pinn  1  Assembly 

,  ■  ...  ..  -  s/f)  - - - -  J 

NO. 
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1 
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■■ 

,y 

5 
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C 

- 
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*■ 

0 

1 

1 

10 

j-  J  L 

vV 


ircti  Monufncturing  Company  of  Anrooa 

QUALITY  CONTROL 

R [{INSPECTION  RECORD 


PART  NUMBER  ...C/L4. 

rART  NAME  .  JZjZSWjaLGt. _ SCL L_ 


Nr*f 

As'.nmbly.'l^r^P^OT^iC/L  J\.  Final  Av.e 

mtily  3740Sal 

■;/W  17  OS' 

no. 

Dimension  and  Location 

" '  mm 

Iqq/JL. 

■-oaa<3~ 

Defore 
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Remark 

1 

Diaa^Mal  Clc. 

c/l 

*£>0il 

2 

.,£>Plt> 

.  0007 

'Coll 

3 

Rnt-,/  cr>  0/ A 

±Z7.r 

JV.C 

*  2747, 

4 

JaIaIs**  V&e/? 

JLSZ21 

y.S7fi{, 

>/_  { .’<>! < 

/,4'M5 

5 

P  G/7  oa -  /wse/PncK 

OpooX 

rrrrC 

/DfrOuB' 

6 

TJ  /rtmerr.P 

S.fira 

f  s  vY 

i-m 

7 

/Jf  sQ/ntTF#  ftu re/*  fare 

■Zl4?L- 

9  L/f  / 

lAol 

a 

f  //  0  or  z-w  z^n 

_tpoeQ_ 

•  A  Of  J  1 

. 

9 

//  //  O/e-  z.4?j-z.?97 

iPJ2PA- 

•  WA' 

10 
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After  -J.  pQy  .../jj/y.Zf  nqinecnnq'frSf’- 


rvt./A?; 
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Reproduced  from 
best  available  copy. 


6.4  Test  Logs,  Data  Sheets,  and  Recorder  Traces 


This  section  contains  the  test  log  sheets,  data  sheets,  and 
recorder  traces  for  the  tests  run  on  each  engine.  The  item  and  page 
numbers  are  as  follows:  ' 

IFRT  ENGINE  NO.  1 

Item  Page 

Log  sheets  218-219 

Green  run  (computed  and  measured  data  curves)  220-221 

Acceptance  test  performance  data  sheet  222 

Cold  soak  data  sheet  223 

Design-point  performance  data  sheet  224 

Fuel  metering  valve  assembly  pre-  and  post-test  225-228 

data  sheets 

Pressure  control  valve  pre-  and  post-test  data  sheets  229-230 

Oil  and  fuel  analysis  data  sheet  231 

Acceptance  test  recording  traces  (windmill  and  232-235 

cartridge  start) 

IFRT  recording  traces  236-237 

IFRT  ENGINE  NO.  2 

Log  sheets  233-241 

Green  run  (computed  and  measured  data  curves)  242-243 

Acceptance  test  performance  data  sheet  244 

Hot  soak  data  sheet  245 

Design-point  performance  data  sheet  246 

Fuel  metering  valve  assembly  pre-  and  post-test  247-250 

data  sheets 

Pressure  control  valve  pre-  and  post-test  data  sheets  251-252 

Oil  and  fuel  analysis  data  sheets  253-254 

Acceptance  test  recording  traces  255-258 

IFRT  recording  traces  259-260 
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FORM  MO  PBIIO 
ISO  BOOKS  ••?! 
MBBBKMOCS  SRASMICB 


AiReseirch  Minufacturinz  Company  of  Arizona  p* n».  ^  »i 


QUALIFICATION  TEST  LOG 


IW.0. Wf-WQ/f- 


iuMbh  tki&sm 


tat  CiK  ¥  SMm  Sfif 


Mdrf  Ik 


T97Ta 


SUMMARY:  Total  Runnlnfl  Use  . 
Total  MmiuoI  Slut- 
Total  Automatic  Start 


FORM  NO  POttO 
100  IOOKO  0.71 
MtlllNIKR  ORAPHICO 


L.  AiReseirch  Manufacturing  Company  of  Arizona  Page  iit^^Lof _ 


QUALIFICATION  TEST  LOG 


Dm.  JLrJ-  7  3  I  lest  Celt  or  Statien  Ho.  ^  tAA 


He..  *1±Li*£d— Model  |  Unit  Serial  Ue._ 


On.  Idr.  U*re*u* 


Itil  Sdwt.lt  StrScioA  HtOlfk 


•TART  STOP 
TIMS  TiMI 


REMARKS 


rTL 


/F  7. 7. 7.  z 


//5  0/0  A/07-  /**/*£; 


ft  07/ML L/ftt. 


/e-tmJ  g  Ci  P;  6 

&r/Mre<.  <s<?>/8  wee ,  f/0 


Iwjttii 


f,  Sy  i  A/  Of 


SUMMARY:  Total  Running  Time _ 

Total  Manual  Starts _ 

Total  Automatic  Starts. 


Ref.  Data  P 
Engineering. 
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OfUOINAi. 


ANGLE-DEGREES 

MEASURED  CLOCKWISE  FROM  TOP  LOOKING  AFT 


TURBINE  INLET  TEMPERATURE  (T4)  COMPUTED  DATA 
o  -  r  (3.6  INCHES)  A  «  r  (4.0  INCHES)  +  -  r  (4.4  INCHES) 


GREEN  RUN  ON  IFRT  ENGINE  NO.  1  (4-5-73 
TEMPERATURE  SPREAD  FACTOR  (TSF)  =  0.23 


ANGLE-DEGREES 

MEASURED  CLOCKWISE  FROM  TOP  LOOKING  AFT 
TURBINE  DISCHARGE  TEMPERATURE  (TJ  MEASURED  DATA 

3 

O  =  R  (3.6  INCHES)  A  •-  R  (4.0  INCHES)  +  =  r  (4.4  INCHES) 


GREEN  RUN  ON  IFRT  ENGINE  NO.  )  (4-5-73) 

TEMPERATURE  SPREAD  FACTOR  (TSF)  =  0.23 
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•nr* 
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.03-3740425,  Rev.  1 
11-20-72 


PRESET 


SHEET  1  OP  2’ 


DATA  SHEET 

> 

FLUID:  MIL-F-7024A,  TYPE  II  AT  100*  +lW 

-  35  +1  PSIG 
o  — 


3.2  BYPASS  VALVE  SETTING: 


P/N  37404Ar-/ 

s/n 

DATE  3/xW?3 
STAND  NO. 

/b  n/7  3/jl,  £/ & 


FUNCTION 

SPEED 

(RPM) 

APl-2 

(PSI) 

SHIM  (S-8154-105) 
UNDER  SPRING  TO 
OBTAIN  T.P.l. 

REQD 

ACT. 

i 

BYPASS  VALVE  SET 

36000 

80 

69/71 

mm 

2 

BYPASS  VALVE  CHECK 

28800 

80 

RECORD 

70 

3.3  METERING  VALVE  SETTING: 


FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

FUEL  FLOW 
(PPH) 

3 

SLOPE  SETTING 

36000 

80 

RECORD:  /^/<T 

SET  SLOPE  ADJUST. 

TO  OBTAIN  T.P.  5 
VALUE  OF  590  +10  PPH 

4 

36000 

40 

RECORD:  <#30 

5 

T.P.3  MINUS  T.P.4 

SB'S 

FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

FUEL  FLOW 
(PPH) 

SHIM  (S-8154-409) 
SCREW  ADJUST. 

REQD 

ACT. 

6 

LEVEL  ADJUST 

36000 

80 

1010+10 

/O/b 

7 

MINIMUM  FLOW  STOP 

21600 

15 

260  +3 
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OS-3740425,  Rev.  1 
11-20-72 


FINAL 


SHEET  2  OF  2 


*».  DATA  SHEET 

* 

TEST  FLUID?  7024A,  TYPE  II  9  100  ♦i5*F 

P„  ■  35  +1  PSIG 
o  — 


3 . 5  HYSTERESIS  &  LINEARITY  CHECK : 


p/n  174a  4*5-1 

S/N  ZiZl 

date 

TEST  STAND  - 

Rjn\p  ^/aj 


TEST 

PT. 

FUNCTION 

SPEED 

(RPM) 

P3 

PS-IA) 

) 

s 

G) 

(p 

-2 

il) 

FUI 

SL  FLOW 
(PPH) 

MIN. 

ACT. 

MAX. 

METERING  VALVE: 

ti 

8 

LINEARITY  CHECK 

36000 

40 

433 

9 

60 

1 

!  . 

a 

10 

80 

s 

_ 

1000 

/o(S 

1020 

11 

100 

(V 

uso 

12 

120 

»  *4* 

/Too 

13 

80 

.  A 

V 

ws 

14 

40 

15 

HYSTERESIS:  DIFF.  BETWEEN  T.  P.  10  &  13  SHALL  NOT 

SXCEED  4  PPH. 

16 

SLOPE  CHECK:  DIFF.  BETWEEN  T.P.  8  a.  10  SHALL  BE 

580 

600 

17 

MINIMUM  FLOW  STOP 

21600 

15 

L_ 

L 

257 

•  263 

1  8 

.<  fr,\  PlckjJ  P^Ji,  y 

;  i  .,»n> 

m 

L 

L 

X.70 

n 

CQft  / 1  *  ffA  Ftous  Sro  p 

SGooo 

\G'0 

i 

I£i 

TI-3740425 


DS-3740425,  Rev.  1 
11-20-72 


/  8HEET  1  OP  2' 

'  PRESET  146  A\4V  -Fu>lO 


DATA  SHEET 

I 

FLUID*  MIL-F-7024A/  TYPE  II  AT  100*  +l'5°F 
Pc  -  35  +1  PSIG 


3.2  BYPASS  VALVE  SETTING: 


FUNCTION 

SPEED 

(RPM) 

BYPASS  VALVE  SET 

36000 

BYPASS  VALVE  CHECK 

28800 

p/n  J/y 

S/N 

DATE 

STAND  NO. 


*Pl-2 

(PSI) 

REQD 

ACT. 

69/71 

7° 

RECORD 

mm 

SHIM  (S-8154-105) 
UNDER  SPRING  TO 
OBTAIN  T.P.l 


3.3  METERING  VALVE  SETTING: 


FUNCTION 


•3  SLOPE  SETTING 


5  T.P.3  MINUS  T.P.4 


SPEED  3 
(RPM)  (PSI 


I 


fue:  flow 

(PPH) 


RECORD:  / 

O  bo 

RECORD: 

rgo 

FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

LEVEL  ADJUST 

36000 

80 

MINIMUM  FLOW  STOP 

21600 

15 

FUEL  FLOW 
(PPH) 


P  Klfjt  »',■/) 

S_ 

MttJ'ii  •*/•  1  ll/vU  v .  >  w / 

SET  SLOPE  ADJUST. 

TO  OBTAIN  T.P.  5 
VALUE  OF  590  ±10  PPH 


SHIM  (S-8154-409) 
SCREW  ADJUST. 
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DS-3740425,  Rev.  1 
11-20-72 


7"~  / 


PINAL 


DATA  SHEET 


SHEET  2  OP 


TEST  FLUID:  7024A,  TYPE  II  9  100  +15*F 

-  35  +1  PSIG 
o  - 


3.5  HYSTERESIS  &  LINEARITY  CHECK: 


r/u  37&4&S'-/ 

S/N  -g? 

TEST  STAND  *5 


FUNCTION 

SPEED 

<RPM) 

P3 

PS-IA) 

I 

n 

i 

I 

FUI 

EL  FLOW 
(PPH) 

MIN. 

ACT. 

EM 

METERING  VALVE: 

El 

8 

LINEARITY  CHECK 

36000 

40 

Z 

r 

n 

60 

■ 

■ 

91 

■ 

7m 

10 

80 

mm 

1000 

1020 

n 

100 

wm 

■1 

IS 

12 

120 

mm 

m 

■ 

053 

13 

80 

■Bi 

■ 

z 

mi 

14 

40 

mm 

■ 

■ 

15 

HYSTERESIS:  DTP.  BETWEEN  T.P.  10  &  13  SHALL  NOT  EXCEED  4  PPH. 

16 

SLOPE  CHECK:  DIFF.  BETWEEN  T.P.  8  &  10  SHALL  BE 

580 

— ■ 

600 

17 

MINIMUM  FLOW  STOP 

21600 

15 

w 

■ 

■ 

n 

257 

PTH 
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»3 

OMrtl.r  )r.,  f Loo>  cMJJ'*  / 

EES 

■ 

1 

■ 

■ 

X.70 

_0_ 

Pl<'  /  « *>  >  Fl  owo  St&  P 
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■ 

■ 
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■ 
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i 

TI-3740425 
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DATA  SHEET 


DS-3740427,  Rev  1 
11-21-72^ 


TEST  FLUIDS  DRY,  FILTERED  AIR  9  80*  +40*F 


TEST  STAND 


4t  3 


0  PAR.  T.2  -  CONTINUITY  CHECK 


p/n  3 7  4o.<U7M 

S/N  _  QQQ. 

date  -a -  /a -7  3 

COIL  RESISTANCE  s  _  /I  O  OHMS 
APPROXIMATELY  180-216 
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tM  MOM  «.T| 
MMINIM  MAMICI 


LWA 


AIReseirch  Mmofuturini  Cmpany  of  Arizona 


QUALIFICATION  TEST  LOC 


UaHSirlal 


F/J.  ~  ?  *  ij  A 


IT  ART  aro# 
TIMS  TIM! 


wt'/fa '**/  Aetf  /AKxtitt&TiwaiJ 


tr/  40&-A  *eu  6 


f/AJ  /V*U/ 


%  p.  & 


1 


W\/J*7 


/fiS 


WETa 

EJD73I 


6*0**4/  A4M04  /x/  /°C£/  —  A**H*£& 


SUMMARY:  Tofil  Rnrniing  Time 
Tefal  Manual  Starts  ^ 
Total  Autanitk  Star 


Raf.  Data  Pifl# 
EnQioooffnQ- 


ORIGINAL 


reHM  NO.  NltO 
ItO  MOM  O'Tl 
MIMtNOKN  OMAPHtCO 


LW.O,  Hi 


|l  M  I  — 


AiResearch  Manufacturing  Company  of  Arizona  Page  i*.  ^  t 


QUALIFICATION  TEST  LOG 


Test  Cell  or  Station  Ho. 


Model  %MJ»L40-#*0A  Unit  Serial  No.^ 


_ Todwtcian/g/^  Grp.  Id 


Test  Schedule^^^  J  Modification _ _ 


/A/47~ &VS */£**?/> /tot  #77>&>&>A  A 


•evTXtl-  Ask  Z.  1  _ 

•tf-zd  fej  /P  4,/.  /UL  ^  *M**)*L 


SUMMARY:  Total  Running  Time _ brs.. 

Total  Manual  Starts _ 

Total  Automatic  Starts _ 


Ref.  Data  Pago. 
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womm  m,  nm 

ISO  MOM  •*7I 
MUIINIKK  •HAPMICt 


^olob  !  sImm  I  ! 1  ibo.no  im.ooI  ew.oo  FT  2I0.00  !  abo.ooM  bw.ooI 


ANGLE-DEGREES 

MEASURED  CLOCKWISE  FROM  TOP  LOOKING  AFT 

TURBINE  INLET  TEMPERATURE  (T4)  COMPUTED  DATA 
0  =  r  (3.6  INCHES)  A  =  r  (4.0  INCHES)  +  =  r  (4.4  INCHES) 

GREEN  RUN  ON  IFRT  ENGINE  NO.  2  (3-30-73) 
TEMPERATURE  SPREAD  FACTOR  (TSF)  =  0.23 
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MEASURED  CLOCKWISE  FROM  TOP  LOOKING  AFT 


TURBINE  DISCHARGE  TEMPERATURE  (Tg)  MEASURED  DATA 


0  =*  r  (3.6  INCHES)  A  =  r  (4.0  INCHES)  +  »  r  (4.4  INCHES) 


GREEN  RUN  ON  IFRT  ENGINE  NO.  2  (3-30-73) 
TEMPERATURE  SPREAD  FACTOR  (TSF)  -  0.23 


u 
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DS-3740425,  Rev.  1 
11-20-72 


preset 

DATA  SHEET 


SHEET  1  OF  2 


FLUID:  KIL-F-7024A,  TYPE  II  AT  100*  +15' F 
PQ  -  35  +1  PSIG 


3.2  BYPASS  VALVE  SETTING: 


p/n 

S/N  c2J  l 
DATE  3-28-7 
STAND  NO. 

Pcn\n  S/tf  £27 


• 

0 

FUNCTION 

SPEED 

(RPM) 

BYPASS  VALVE  SET 

36000 

BYPASS  VALVE  CHECK 

28800 

rl-2 

PSI) 


REQD 


80  69/71 


80  RECORD 


ACT. 


SHIM  (S-8154-105) 
UNDER  SPRING  TO 
03TAIN  T.P.l 


3.3  METERING  VALVE  SETTING: 


FUNCTION 


3  ISLOPS  SETTING 


5  T.P.3  MINUS  T.P.4 


SPEED  3 
(RPM)  {PSI 


FUEL  FLOW 


(PPH) 


36000  80  RECORD: 


36000  40  RECORD 


JO 


a 


FUNCTION 

SPEED 

(RPM) 

LEVEL  ADJUST 

36000 

MINIMUM  FLOW  STOP 

21600 

FUEL  FLOW 
(PPH) _ 

ACT.  ' J 

80  10:3+10  /d£0  SHIM  (s— 8154  —  409) 

15  260  ±3  SIC  3  SCREW  ADJUST.  LI 


.?V/> 


S  lp)w-- 


Stop 

fWtr) 


'i/  i*ii .u  O  i.  * ./  o 


3Z.C,  I 


SHEET  2  OF  2 


•  "DS-3740425,  Rev.  1 
11-20-72 


1 


FINAL 


■  DATA  SHEET 

# 

TEST  FLUID:  7024A,  TYPE  II  0  100  +15*F 
P0  -  35  +1  PSIG 


3 . 5  HYSTERESIS  &  LINEARITY  CHECK: 


p/n  374041&/ 

s/n  2374-3 

DATE  2^sZ£. Z 
TEST  STAND 

'Pui*p  2222:3 


TEST 

PT. 

0 

FUNCTION 

SPEED 

(RPM) 

TJ 

3 

0?SIA) 

J 

I 

(p 

a 

FUEL  FLOW 
(PPH) 

MIN. 

ACT. 

MAX. 

METERING  VALVE: 

71 

i 

r 

8 

LINEARITY  CHECK 

36000 

40 

_J 

□ 

? 

60 

n 

/ 

72. $ 

10 

80 

i, 

• 

V 

» 

• 

1000 

/02O 

1020 

11 

100 

1  « 

*  . 

fete 

12 

120 

i  •' 

% 

up 

13 

80 

!  v 

□ 

/o2o 

14 

40 

i 

4i£ 

15 

HYSTERESIS:  DIFF.  BETWEEN  T. P.  It  &  13  SHALL  NOT 

EXCEED  4  PPH. 

16 

SLOPS  CHECK:  DIFF.  BETWEEN  T.P.  8  &  10  SHALL  BE 

580 

<$2- 

600 

17 

MINIMUM  FLOW  STOP 

21600 

15 

i 

! 

257 

263 

IS 

/))  J •• *  Flf)-0  fiC/*;  ^  Nj  y 

3Z  ^ 

«T4^. 

» 

/ 

/»• 

•"j~ 

X.70 

'•••a  Mmv. 

_L3 _ 

O'}/* /  i '■  Fi o«o  Stt.1  P 

JbO'OO 

SOT* 

TI-3740425 
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PRESET 


SHEET  1  OF  2’ 


.  DS-V74P425,  Rev.  1 
*1-20-72 


0 


!> 

FLUID: 


MIL-F-7024A,  TYPE  II  AT 

P„  -  35  +1  PSIG 
o  — 


3.2  BYPASS  VALVE  SETTING* 


DATA  SHEET 
100*  +l'5*F 


■) 

P©5  1  'SrF^T“  pfoOJtCSk 

P  ,  .  1 

p/n  S74<)  4^-1  ' 

s/n  3*^7 V~3 

*  DATE  y/  S7lb 
STAND  NO. 

V*,  ££73-3 


TEST 

PT. 

FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

APl-2 

(psi) 

SHIM  (S-8154-105) 
UNDER  SPRING  TO 
OBTAIN  T.P.l. 

REQD 

ACT. 

1 

BYPASS  VALVE  SET 

36000 

80 

69/71 

7° 

2 

BYPASS  VALVE  CHECK  • 

28800 

80 

RECORD 

(P 

3.3  METERING  VALVE  SETTING: 


FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

FUEL  FLOW 
(PPH) 

3 

SLOPE  SETTING 

36000 

80 

RECORD:  /Oo  O 

SET  SLOPE  ADJUST. 

70  OBTAIN  T.P.  5 
VALUE  OF  590  J-10  PPH 

4 

36000 

40 

RECORD:  *7^° 

5 

T.P.3  MINUS  T.P.4 

£T,o 

FUNCTION 

SPEED 

(RPM) 

P3 

(PSIA) 

FUEL  FLOW 
(PPH) 

SHIM  (S-8154-409) 
SCREW  ADJUST. 

REQD 

ACT. 

6 

LEVEL  ADJUST 

36000 

80 

1010±10 

/COO 

7 

MINIMUM  FLON  STOP 

21600 

15 

260  ±3 

Q-  G  A 

PV/JCf!|0A> 

sfsv. 

cm 

'2U,oo 

n  -  *- 

\J3  ( PSlti l>) 

r  ppha 

(L&f.. 

M&. 

ACT” 

<5 

tfio.u  „  r C-  i.t~, 

*•••  mm  ( 

A  70 

»  pv 

3X 

-PI 

TI-3740425 


«  .V' 

DS-3740425 , 
11-20-72 


TEST  FLUID i 


R*v- 1  '  fcSTTFUr 

FINAL 

* 

DATA  sheet 


7024A,  TYPE  II  0  100  +15#F 

P„  -  35  +1  PSIG 
o  — 


» 

3.5  HYSTERESIS  t  LINEARITY  CHECK: 


F/ai  j./a 


SHEET  2  OF  2 


P/N  17^0  <3  S-J 

‘  S/N  M  7  5  _ 

DATE  4/$~J73 
TEST  STAND  _ 

Yowvp  i/K  ■2^73’- 3 


TEST 

PT. 

FUNCTION 

SPEED 

(RPM) 

P3 

(PS-IA) 

i 

PS 

I 

It® 

(P 

-2 

M> 

FUEL  FLOW 
(PPH) 

MIN. 

ACT. 

MAX. 

METERING  VALVE: 

VV 

i 

8 

LINEARITY  CHECK 

36000 

40 

i' 

? 

• 

60 

1 

;  > 

?ao 

10 

80 

•r 

rj 

_ 

o 

o 

o 

/ occ 

1020 

11 

100 

* 

1 

12 

120 

1 

. 

i 

(CfOC 

13 

80 

h' 

/oc<i 

14 

40 

/ 

i 

t&k 

15 

HYSTERESIS:  DIFF.  BET.TEEN  T.  P.  10  &  13  SHALL  NOT  EXCEED  4  PPH. 

16 

SLOPE  CHECK:  DIFF.  BETWEEN  7.  P.  8  &  10  SHALL  BE 

560 

£C0 

600 

17 

MINIMUM  FLOW  STOP 

21600 

15 

i 

257 

2C X. 

263 

13 

M;  Pioo)  6£iv.  cAu>>*  / 

l\boro 

3a  i 

4MN 

-•W 

«rr* 

;*mk 

MO 

JjI _ 

P?#;  /  i  //  i//,  Fi  jvj  Sto  P 

;>bCOO 

\LV> 

lo 

[US 

fehnoUtD)  M4k  F/ou,  /  To  Cftccfc.  vf//'  p0(v7\ 

T5  Tr 


TI-3 740425 


PS-3740427,  j.Cv.  1 
il-21-72-;. 


DATA  SHEET 


TEST  FLUID:  DKY ,  FZl.1T RED  AIR  *  80*  *40*F 


0  PAR.  2.2  -  CONTINUITY  CHECK 


.•  --  — 
TEST  STAND  / 

P/N  2  7  *>,  S 

S/N  cDlf'. 

DATE  3  -J?  -1 

COIL  FES i stance  :  C! 

ATT  ROXIMATELY  180-216 


TEST  T.I. 

POINT  PARAGRAPH 


3.3.3 


3.3.3 


CALIBRATION 


I  SET  NOZZLE  TO  OBTAIN 


SLOPE  CHECK  POINT 


®  PAR.  3.3.3  -  FINAL  ORIFICE  (dj  DIAMETER:  ,  O 


TEST 

POINT 


T.I. 

PARAGRAPH- 


FUNCTION 


Linearity  &  hysteresis 


CURRENT 


Px 

( PSIA 


1IN  ACT 


+  10  |S2.6 


a&JLkZ  £LlQ 


INPUT 

CURRENT 

(MA) 


MIN  AC 


j£Z£L_l_ 

.  ci^.c  filTe 


62.6c# 


97.> 


1)5-3  7  042'/,  Kcv.  1 
11-21-72.0. 


Rtof  TFgr  i  A/0^65 

data  sheet  '  ;  .  _ 

TEST  STAND 


TEST  FLUID:  DRY ,  FILTERED  AIR  $  80°  +40°F 
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